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(57) An agentfor promoting the proliferation or differentiation of a stem cell and/or neural progenitorcell, comprising 
a compound represented by Formula: 



< 

CO 

CO 
CM 
CO 




wherein each of Ft 1 and R 2 is H, a hydrocarbon group or a heterocyclic group, or taken together with the adjacent 
carbon atom to form a ring, R 3 is H, a hydrocarbon group or a heterocyclic group, W is a group represented by Formula: 
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wherein Ring A is an optionally substituted benzene ring, Ring B is an optionally substituted 5- to 7-membered nitrogen- 
containing heterocyclic ring, R 4 is an acyl group having an aliphatic hydrocarbon group, which is substituted by an 
aromatic group and may have a further substitutent, or aromatic group, R 5 is H, C-|_ 6 alkyl or acyl, R 4c is an aromatic 
group, an aliphatic hydrocarbon group or acyl, and X is O or S; 

Y is O, S or NH, Ring C is an optionally substituted benzene ring, or a salt or prodrug thereof is provided. 
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Description 

Technical Field 

5 [0001] The present invention relates to an agent for promoting the proliferation or differentiation of a stem cell and/ 
or neural progenitor cell comprising a benzofuran derivative. 

Background Art 

10 [0002] A neurodegenerative disease is a disease in which a selective neuronal death takes place progressively, and 
major known neurodegenerative diseases are Alzheimer's disease, Perkinson's disease, amyotropic lateral sclerosis 
(ALS) and Huntington's disease. 

[0003] A current medication therapy mainly employs a substitution therapy that compensates for the depletion of 
neurotransmitters accompanying neurodegeneration. A dopaminergic agent such as L-dopa which is a precursor of 

15 dopamine is employed to treat Parkinson's disease, while an acetylcholine decomposition enzyme inhibitor is employed 
to treat Alzheimer's disease, the both being used as a substitution therapy agent or a symptomatic therapy agent. 
However, such a substitution therapy agent or a symptomatic therapy agent does not suppress the progress of neu- 
rodegeneration, and its effect becomes attenuated gradually with progression of the disease. Accordingly, the devel- 
opment of an agent that suppressesthe progress of neurodegeneration and promotes the regeneration of the remaining 

20 nerve ending is desired. However, currently no agent having such effects has been identified. In addition, it is believed 
that most of neurocytes have been degenerated at the time of the onset of a neurodegenerative disease, and thus a 
sufficientfunctional regeneration is not considered to be achieved only by suppression of degeneration or by promotion 
of nerve ending regeneration. 

[0004] On the other hand, a concept of the regeneration ability of a central nervous system has recently been changed 
25 substantially. That is, it had been understood for a long time that once any neurodegeneration occurs in a central 
nervous system, it is difficult to recover a function of the nerve because a nerve is never generated and supplemented 
again. However, a new understanding that the central nervous system of a mature mammal including human possesses 
a neural stem cell or neural progenitor cell that enables the neogenesis of a nerve was proposed many times recently, 
and therefore a possibility of the regeneration of a damaged nervous tissue and afunction thereof by means of activating 
30 an intrinsic neural stem cell was started to be investigated [Nature Medicine, Vol.4, page 1313-1317, 1998, Nature 
Medicine, Vol.6, page 271 -277, 2000]. In addition, an investigation of a neural regeneration medical treatment by means 
of transplantation of a neural stem cell prepared from an embryonic stem cell, aborted fetal brain or a tissue of a patient 
himself was also started [Nature, Vol.405, page 951-955, 2000, Eur. J. Neurosci., Vol.10, page 2026-2036, 1998]. 
[0005] A benzofuran derivative that has an activity for promoting the regeneration of a nerve and is useful as a 
35 prophylactic and therapeutic agent against a neurodegenerative disease is disclosed in WO 98/55454 and WO 
00/34262, which however contain no description with regard to promoting the proliferation or differentiation of a neural 
stem cell or neural progenitor cell. 

Object of the Invention 

40 

[0006] Based on a current understanding, a substance that enables the proliferation or differentiation of a neural 
stem cell or neural progenitor cell is a polymeric in vivo factor, which should be introduced into a brain surgically when 
being employed in a treatment. The present invention is intended to enable a treatment of a neurodegenerative disease, 
cerebrovascular disease or cranial trauma by means of developing a compound which migrates in brain satisfactorily, 
45 enhances the proliferation (autoreproduction) of a neural stem cell or neural progenitor cell to promote the differentiation 
into a neurocyte whereby regenerating a neurocyte that had once been damaged upon neurodegeneration. Such a 
compound may not only be useful in preparing a neural stem cell and neural progenitor cell from an embryonic stem 
cell and a nervous tissue but also be capable of promoting post-transplantation engraftment and differentiation. 

50 Summary of the Invention 

[0007] Thus, the present inventors made an effort and finally found out that a compound represented by the formula 



55 
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wherein R 1 and R 2 are same or different and each is a hydrogen atom, an optionally substituted hydrocarbon group 
10 or an optionally substituted heterocyclic group, or R 1 and R 2 are taken together with the adjacent carbon atom to form 
an optionally substituted 3- to 8-membered homocyclic or heterocyclic ring, 

R 3 is a hydrogen atom, an optionally substituted hydrocarbon group or an optionally substituted heterocyclic group, 
™ is a single bond or a double bond, 
W is (i) a group represented by Formula: 




20 

wherein Ring A is an optionally substituted benzene ring, Ring B is an optionally substituted 5- to 7-membered nitrogen- 
containing heterocyclic ring, 
(ii) a group represented by Formula: 

25 

30 K 

wherein R 4 is (1) an aliphatic hydrocarbon group which is substituted by an optionally substituted aromatic group and 
which may have a further substituent or (2) an optionally substituted aromatic ring-containing acyl group, R 5 is a hy- 
drogen atom, a C,_ 6 alkyl or an acyl group, or, 
35 (iii) a group represented by Formula: 




wherein R 4c is an optionally substituted aromatic group, an optionally substituted aliphatic hydrocarbon group or an 
acyl group, X is an oxygen atom or an optionally oxidized sulfur atom. 
Y is an oxygen atom, an optionally oxidized sulfur atom or an optionally substituted imino, 
45 Ring C is a benzene ring which may have a further substituent in addition to the group represented by W, or a salt or 
prodrug thereof has an unexpectedly excellent promoting effect on the proliferation or differentiation of a stem cell and 
neural progenitor cell, and based on this finding, made a further effort and established the present invention. 
[0008] Thus, the present invention relates to: 

50 (1 ) an agent for promoting the proliferation or differentiation of a stem cell and/or neural progenitor cell comprising 

a compound represented by Formula (I), or a salt or prodrug thereof; 

(2) the agent according to the above-mentioned (1) wherein the stem cell is an embryonic stem cell or a neural 
stem cell; 

(3) the agent according to the above-mentioned (1) which is an agent for promoting the engraftment or differenti- 
55 ation in neural stem cell, neural progenitor cell and/or neurocyte transplantation; 

(4) the agent according to the above-mentioned (1 ) which is an agentfor promoting the proliferation or differentiation 
of a neural stem cell, neural progenitor cell and/or neurocyte for transplantation; 

(5) the agent according to the above-mentioned (1 ) which is an agentfor promoting the proliferation or differentiation 
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of an intrinsic neural stem cell; 

(6) the agent according to the above-mentioned (1) which is an agent for preventing or treating a central nervous 
system disease; 

(7) the agent according to the above-mentioned (1) which is a nerve regeneration-promoting agent; 
5 (8) the agent according to the above-mentioned (1) which is a nerve neogenesis-promoting agent; 

(9) the agent according to the above-mentioned (1) wherein ~- is a single bond; 

(10) the agent according to the above-mentioned (1) wherein Y is an oxygen atom; 

(11) the agent according to the above-mentioned (1) wherein W is a group represented by Formula (Wa); 

(12) the agent according to the above-mentioned (11) wherein each of R 1 and R 2 is a hydrogen atom or a C-|_ 6 
10 alkyl group, R 3 is a hydrogen atom or a phenyl group which may have 1 to 3 substituents selected from C|_ 6 alkyl 

and halogen, the Ring C is a benzene ring which may further have 1 to 3 substituents selected from C^g alkyl and 
C|_ 6 alkoxy, «- is a single bond, Y is an oxygen atom, the group represented by Formula (Wa) is a group represented 
by Formula: 

15 




20 

wherein Ring A 1 is a benzene ring which may have 1 to 3 substituents selected from halogen, C 1 _ 6 alkoxy and 
C-|_ 6 alkylenedioxy; 

(13) the agent according to the above-mentioned (12) wherein the group represented by Formula (Wa) is a sub- 
stituent on the 5-position of the benzofuran ring; 

25 (1 4) the agent according to the above-mentioned (1 1 ) comprising [1 ] 2-[2, 2,4,6, 7-pentamethyl-3-(4-methylphenyl)- 

2,3-dihydro-1-benzofuran-5-yl]isoindoline, [2] 5,6-dimethoxy-2-[2, 2,4,6. 7-pentamethyl-3-(4-methylphenyl)-2,3-di- 
hydro-1-benzofuran-5-yl]isoindoline, [3] 5,6-dimethoxy-2-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2 ; 3-dihy- 
dro-1 -benzofuran-5-yl]isoindoline, [4] 5,6-dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro- 
1 -benzofuran-5-yl]-2H-isoindole, [5] 6-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2 ! 3-dihydro-1 -benzofuran- 

30 5-yl]-6,7-dihydro-5H-[1 ,3]dioxolo[4,5-f]isoindole, [6] 6-[2 ) 2,4,6,7-pentamethyl-3-(4-methylphenyl)-2 ) 3-dihydro- 

1 -benzofuran-5-yl]-6H-[1 ,3]dioxolo[4,5-f]isoindole, [7] 6-(2,2,4,6,7-pentamethyl-3-phenyl-2,3-dihydro-1 -benzo- 
furan-5-yl)-6,7-dihydro-5H-[1 ,3]dioxolo[4,5-f]isoindole, [8] (R)-5,6-dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-meth- 
ylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]isoindoline or [9] (R)-5, 6-dimethoxy-2-[2, 2,4,6, 7-pentamethyl-3-(4-meth- 
ylphenyl)-2,3-dihydro-1-benzofuran-5-yl]isoindoline hydrochloride; 

35 (15) the agent according to the above-mentioned (11) comprising (R)-5 : 6-dimethoxy-2-[2,2,4,67-pentamethyl- 

3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]isoindoline; 

(16) the agent according to the above-mentioned (1) wherein W is a group represented by Formula (Wb); 

(1 7) the agent according to the above-mentioned (1 6) wherein each of R 1 and R 2 is a methyl group, R 3 is a phenyl 
group which may have 1 to 3 substituents selected from fluorine, methyl and isopropyl, the Ring C is a benzene 

40 ring which may further have 1 to 3 substituents selected from C A _ 6 alkyl and C^_ Q alkoxy, Y is an oxygen atom, R 4 

is a benzyl or phenethyl group which may have 1 to 3 substituents selected from fluorine, methoxy and methylen- 
edioxy and R 5 is a hydrogen atom or a methyl group; 

(18) the agent according to the above-mentioned (16) comprising (1) N-(4-fluorobenzyl)-2,2,4,6,7-pentamethyl- 
3-phenyl-2,3-dihydro-1-benzofuran-5-amine, (2) N-benzyl-3-(4-isopropylphenyl)-2, 2,4,6, 7-pentamethyl-2 ; 3-dihy- 

45 dro-1 -benzofuran-5-amine, (3) 3-(4-isopropylphenyl)-N-(4-methoxybenzyl)-N,2, 2,4,6, 7-hexamethyl-2,3-dihydro- 

1 -benzofuran-5-amine, (4) 3-(4-isopropylphenyl)-N-[2-(4-methoxyphenyl)ethy l]-2, 2,4,6, 7-pentamethyl-2. 3-dihy- 
dro-1 -benzofuran-5-amine, (5) N-(4-fluorobenzyl)-3-(4-isopropylphenyl)-2, 2,4,6, 7-pentamethyl-2,3-dihydro- 
1 -benzofuran-5-amine, (6) N-(1 , 3-benzodioxol-5-ylmethyl)-3-(4-isopropylphenyl)-2, 2,4,6, 7-pentamethyl-2.3-dihy- 
dro-1 -benzofuran-5-amine, (7) N-(4-fluorobenzyl)-3-(4-fluorophenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzo- 
ic furan-5-amine, (8) N-(4-methoxybenzyl)-2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran- 
5-amine, (9) N-(4-fluorobenzyl)-2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine, 
(1 0) 3-(4-isopropylphenyl)-N-(4-methoxybenzyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine, (11) N-(4-fluoroben- 
zyl)-3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine, (1 2) N-(4-fluorobenzyl)-3-(4-fluorophenyl)- 
2,4,6,7-tetramethyl-1 -benzofuran-5-amine, (13) N-(4-fluorobenzyl)-3-(4-isopropylphenyl)-1 ',4,6,7-tetramethyl- 
55 spiro[benzofuran-2(3H),4'-pyperidine]-5-amine or (14) (R)-N-(4-fluorobenzyl)-3-(4-isopropylphenyl)- 
2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine hydrochloride; 

(19) the agent according to the above-mentioned (1) wherein W is a group represented by Formula (Wc); 

(20) the agent according to the above-mentioned (19) comprising a compound represented by Formula: 
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R 4c —0- { 




wherein each of R 1 and R 2 is C-|_ 6 alkyl which may have phenyl-substituted 6-membered saturated cyclic amino, 
10 or R 1 and R 2 are taken together with the adjacent carbon atom to form a C,_ 6 alkyl- or C 7 . 16 aralkyl-substituted 

pyperidine; 

R 3 is (i) a hydrogen atom, or, 

(ii) phenyl which may have 1 to 3 substituents selected from (1) C,_ 6 alkyl, (2) di-C-,_ 6 alkylamino and (3) 6-mem- 
bered saturated cyclic amino which may have C,_ 6 alkyl; 
15 R4c j s (j) phenyl which may have 1 to 3 substituents selected from nitro and C-|_ 6 alkyl-carboxamide, 

(ii) C|_ 6 alkyl or C 2 . 6 alkenyl having 1 to 3 phenyl, quinolyl or pyridyl which may have 1 to 3 substituents selected 
from C,_ 6 alkoxy, C,_ 6 alkylthio, C,_ 6 alkoxy-carbonyl, C,_ 6 alkylsulfonyl and C,_ 6 alkylsulfinyl and optionally further 
having phenyl, carboxy or C|_ 6 alkoxy-carbonyl as additional substituents, or, 

(iii) acyl represented by Formula: -(C=0)-R 5 " wherein R 5 " is C-|. 6 alkoxy-substituted phenyl; and, 
20 the Ring C is a benzene ring which may further have 1 to 3 C-|. 6 alkyl, or a salt or prodrug thereof; 

(21) the agent according to the above-mentioned (19) comprising: 

3-(4-isopropylphenyl)-5-(4-methoxybenzyloxy)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran ; 3-(4-methylphe- 
nyl)-2,4,6,7-tetramethylbenzofuran-5-yl 4-methoxybenzoate, 3-(4-isopropylphenyl)-2,4,6,7-tetramethylbenzo- 
furan-5-yl 4-methoxybenzoate, 3-(4-isopropylphenyl)-5-(4-methoxybenzyloxy)-2,4,6,7-tetramethylbenzofuran, 3- 
25 (4-isopropylphenyl)-5-(4-methoxybenzyloxy)-1 , ,4,6,7-tetramethylspiro[benzofuran-2(3H),4 , -piperidine] or a salt 

thereof; 

(22) a method for cultu ring astern cell, neural progenitor cell and/or neurocyte, comprising culturing the stem cell, 
neural progenitor cell and/or neurocyte in the presence of a compound according to the above-mentioned (1) or 
a salt thereof. 

30 (23) the method according to the above-mentioned (22) wherein the stem cell is an embryonic stem cell or a neural 

stem cell; 

(24) the method according to the above-mentioned (22) whereby a cell for transplantation therapy is prepared; 

(25) a cell obtained by the method according to the above-mentioned (22); 

(26) an agent for promoting proliferation or differentiation used in the culture of a stem cell, neural progenitor cell 
35 and/or neurocyte for transplantation, comprising a compound accordingto the above-mentioned (1) or asaltthere- 

of; 

(27) the agent according to the above-mentioned (1) which is an agent for treating a cognitive impairment or a 
memory impairment; 

(28) the agent according to the above-mentioned (1) which is an agent for treating a mild cognitive impairment or 
40 a mild memory impairment; 

(29) a use of a compound according to the above-mentioned (1) or a salt or prodrug thereof in the production of 
an agent for promoting the engraftment or differentiation in neural stem cell and/or neurocyte transplantation; 

(30) a use of a compound according to the above-mentioned (1) or a salt or prodrug thereof in the production of 
an agent for promoting the proliferation or differentiation of a neural stem cell and/or neurocyte for transplantation; 

45 (31) a use of a compound according to the above-mentioned (1) or a salt or prodrug thereof in the production of 

an agent for preventing or treating a central nervous system disease; 

(32) a method for transplantation therapy of a stem cell, neural progenitor cell and/or neurocyte, comprising ad- 
ministering a compound according to the above-mentioned (1) or a salt or prodrug thereof; and 

(33) a method for preventing or treating a central nervous system disease in a mammal, comprising administering 
50 a compound according to the above-mentioned (1) or a salt or prodrug thereof to the mammal in need of such a 

treatment. 

Brief Description of Drawings 

55 [0009] Figure 1 shows a graph indicating a differentiation promoting effect of a test compound on a neural stem cell 
in an Experimental Example described below. 
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Detailed Description of the Invention 

[0010] In the formula shown above, — is a single bond or a double bond. Preferably, ™ is a single bond. 
[0011] In the formula shown above, R 1 and R 2 are same or different and each is a hydrogen atom, an optionally 
5 substituted hydrocarbon group or an optionally substituted heterocyclic group or R 1 and R 2 may be taken together with 
the adjacent carbon atom to form an optionally substituted 3- to 8-membered homocyclic or heterocyclic ring. 
[0012] In the formula shown above, when -~ is a double bond, then R 2 is not present. Thus, in the formula shown 
above: 

10 (j) when is a single bond, the moiety: 



15 




is the moiety: 

Q<to 

25 (jj) when — is a double bond, the moiety: 

rV R N 

is the moiety: 

35 




f 



40 

but in this specification (i) and (ii) are sometimes unified to be represented just by Formula: 



45 




[0013] A "hydrocarbon group" in the "optionally substituted hydrocarbon group" represented by R 1 or R 2 may for 
50 example be a linear or branched or cyclic hydrocarbon group (e.g., alkyl, alkenyl, alkynyl, cycloalkyl, aryl). Among 
those listed above, a linear or branched or cyclic hydrocarbon group having 1 to 16 carbon atoms is preferred. 
[0014] Preferred "alkyl" may for example be C^g alkyl (e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyL 
tert-butyl, pentyl, hexyl). 

[0015] Preferred "alkenyl" may for example be C 2 _ 6 alkenyl (e.g., vinyl, allyl, isopropenyl, butenyL isobutenyl, sec- 
55 butenyl). 

[0016] Preferred "alkynyl" may for example be C 2 . 6 alkynyl (e.g., ethynyl, propargyl, butynyl, 1-hexynyl). 

[0017] Preferred "cycloalkyl" may for example be C 3 . 6 cycloalkyl (e.g., cyclopropyl, cyclobutyl, cyclopentyl, cy- 

clohexyl). 
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[0018] Preferred "aryl" may for example be C 6 _i 4 aryl (e.g., phenyl, 1 -naphthyl, 2-naphthyl, biphenylyl, 2-anthryl). 
[0019] A "substituent" in the "optionally substituted hydrocarbon group" represented by R 1 or R 2 may for example 
be (1) a halogen atom (e.g., fluorine, chlorine, bromine, iodine), (2) C-|_ 3 alkylenedioxy (e.g., methylenedioxy, ethylen- 
edioxy), (3) nitro, (4) cyano, (5) optionally halogenated C^. G alkyl, (6) optionally halogenated C 2 _ 6 alkynyl, (7) optionally 
halogenated C 2 _ 6 alkynyl (8) optionally halogenated C 3 . 6 cycloalkyl, (9) C 6 _ 14 aryl (e.g., phenyl, 1 -naphthyl, 2-naphthyl, 
biphenylyl. 2-anthryl), (10) optionally halogenated C^g alkoxy, (11) optionally halogenated C^g alkylhtio or mercapto, 
(12) hydroxy, (13) amino, (14) mono-C^g alkylamino (e.g., methylamino, ethylamino and the like), (15) mono-C 6 _ 14 
arylamino (e.g., phenylamino, 1 -naphthylamino, 2-naphthylamino), (16) di-C,_ 6 alkylamino (e.g., dimethylamino, di- 
ethylamino), (17) di-C 6 . 14 arylamino (e.g., diphenylamino), (18) acyl, (19) acylamino, (20) acyloxy, (21) optionally sub- 
stituted 5- to 7-membered saturated cyclic amino, (22) a 5- to 10-membered aromatic heterocyclic group (e.g., 2- or 
3-thienyl, 2-, 3-or 4-pyridyl, 2-, 3-, 4-, 5- or 8-quinolyl, 1-, 3-, 4- or 5-isoquinolyl, 1-, 2- or 3-indolyl, 2-benzothiazolyl, 

2- benzo[b]thienyl, benzo[b]furanyl) ; (23) sulfo, (24) C 6 . 14 aryloxy (e.g., phenyloxy, naphthyloxy). 

[0020] The "hydrocarbon group" may have 1 to 5, preferably 1 to 3 of the above listed substituents in any substitutable 
positions, and when the number of the substituents is 2 or more, then each substituent may be same to or different 
from each other. 

[0021] The "optionally halogenated C^g alkyl" mentioned above may for example be C^g alkyl (e.g., methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl) which may have 1 to 5, preferably 1 to 3 halogen 
atoms (e.g., fluorine, chlorine, bromine, iodine). Those exemplified typically are methyl, chloromethyl, difluoromethyl, 
trichloromethyl, trifluoromethyl, ethyl, 2-bromoethyl, 2,2,2-trifluoroethyl, pentafluoroethyl, propyl, 3,3,3-trifluoropropyl, 
isopropyl, butyl, 4,4,4-trifluorobutyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, 5,5,5-trifluoropentyl, 
hexyl, 6,6,6-tricluorohexyl and the like. 

[0022] The "optionally halogenated C 2 . 6 alkenyl" mentioned above may for example be C 2 . 6 alkenyl (e.g., vinyl, allyl, 
isopropenyl, butenyl, isobutenyl, sec-butenyl) which may have 1 to 5, preferably 1 to 3 halogen atoms (e.g., fluorine, 
chlorine, bromine, iodine). Those exemplified typically are vinyl, allyl, isopropenyl, butenyl, isobutenyl, sec-butenyl, 
3,3,3-trifluoro-1-propenyl, 4,4,4-trifluoro-1 -butenyl and the like. 

[0023] The "optionally halogenated C 2 . 6 alkynyl" mentioned above may for example be C 2 . 6 alkynyl (e.g., ethynyl, 
propargyl, butynyl, 1-hexynyl) which may have 1 to 5, preferably 1 to 3 halogen atoms (e.g., fluorine, chlorine, bromine, 
iodine). Those exemplified typically are ethynyl, propargyl, butynyl, 1 -hexynyl, 3,3,3-trifluoro-1 -propynyl, 4,4,4-trifluoro- 
1 -butynyl and the like. 

[0024] The "optionally halogenated C 3 . 6 cycloalkyl" mentioned above may for example be C 3 . 6 cycloalkyl (e.g., cy- 
clopropyl, cyclobutyl, cyclopentyl, cyclohexyl) which may have 1 to 5, preferably 1 to 3 halogen atoms (e.g., fluorine, 
chlorine, bromine, iodine). Those exemplified typically are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 4,4-dichlo- 
rocyclohexyl, 2,2,3,3-tetrafluorocyclopentyl, 4-chlorocyclohexyl and the like. 

[0025] The "optionally halogenated C^_ 6 alkoxy" mentioned above may for example be C,_ 6 alkoxy (e.g., methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, pentyloxy, hexyloxy) which may have 1 to 5, preferably 1 
to 3 halogen atoms (e.g. , fluorine, chlorine, bromine, iodine). Those exemplified typically are methoxy, difluoromethoxy. 
trifluoromethoxy, ethoxy, 2,2,2-trifluoroethoxy, propoxy, isopropoxy, butoxy, 4,4,4-trifluorobutoxy, isobutoxy, sec-butoxy, 
pentyloxy, hexyloxy and the like. 

[0026] The "optionally halogenated C^g alkylthio" mentioned above may for example be Ci_ 6 alkylthio (e.g., meth- 
ylthio, ethylthio, propylthio, isopropylthio, butylthio, sec-butylthio, tert-butylthio) which may have 1 to 5, preferably 1 to 
3 halogen atoms (e.g., fluorine, chlorine, bromine, iodine). Those exemplified typically are methylthio, difluoromethyl- 
thio, trifluoromethylthio, ethylthio, propylthio, isopropylthio, butylthio, 4,4,4-trifluorobutylthio, pentylthio, hexylthio and 
the like. 

[0027] The "acyl" mentioned above may for example beformyl, carboxy, carbamoyl, C|_ 6 alkyl-carbonyl (e.g., acetyl, 
propionyl), C 3 _ 6 cycloalkyl-carbonyl (e.g., cyclopropylcarbonyl, cyclopentylcarbonyl, cyclohexylcarbonyl), C|_ 6 alkoxy- 
carbonyl (e.g., methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, tert-butoxycarbonyl), C 6 . 14 aryl-carbonyl (e.g.. 
benzoyl, 1 -naphthoyl, 2-naphthoyl), C 7 . 16 aralkyl-carbonyl (e.g., phenylacetyl, phenylpropionyl), C 6 . 14 aryloxy-carbonyl 
(e.g., phenoxycarbonyl), C 7 _ 16 aralkyloxy-carbonyl (e.g., benzyloxycarbonyl, phenethyloxycarbonyl), 5- or 6-membered 
heterocyclic carbonyl (e.g., nicotinoyl, isonicotinoyl, 2-thenoyl, 3-thenoyl, 2-furoyl, 3-furoyl ; morpholinocarbonyl, thio- 
morpholinocarbonyl, piperidinocarbonyl, 1-pyrrolidinylcarbonyl), mono-C-|_ 6 alkyl-carbamoyl (e.g., methylcarbamoyl, 
ethylcarbamoyl), di-Ci_ 6 alkyl-carbamoyl (e.g., dimethylcarbamoyl, diethylcarbamoyl, ethylmethylcarbamoyl), C 6 . 14 ar- 
yl-carbamoyl (e.g., phenylcarbamoyl, 1 -naphthylcarbamoyl, 2-naphthylcarbamoyl), thiocarbamoyl, 5- or 6-membered 
heterocyclic carbamoyl (e.g., 2-pyridylcarbamoyl, 3-pyridylcarbamoyl, 4-pyridylcarbamoyl, 2-thienylcarbampyl, 

3- thienylcarbamoyl), C,_ 6 alkylsulfonyl (e.g., methylsulfonyl, ethylsulfonyl), C 6 . 14 arylsulfonyl (e.g., phenylsulfonyl, 
1-naphthylsulfoniyl, 2-naphthylsulfonyl), C-|. 6 alkylsulfinyl (e.g., methylsulfinyl, ethylsulfinyl), C 6 . 14 arylsulfinyl (e.g., 
phenylsulfinyl, 1 -naphthylsulfinyl, 2-naphthylsulfinyl). 

[0028] The "acylamino" mentioned above may for example be formylamino, Ci_ 6 alkyl-carbonylamino (e.g.. 
acetylamino). C 6 . 14 aryl-carbonylamino (e.g., phenylcarbonylamino, naphthylcarbonylamino), C|_ 6 alkoxy-carbon- 
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ylamino (e.g., methoxycarbonylamino, ethoxycarbonylamino, propoxycarbonylamino, butoxycarbonylamino), C-,_ 6 
alkylsulfonylamino (e.g., methylsulfonylamino, ethylsulfonylamino), C Q . 14 arylsulfonylamino (e.g., phenylsulfonylamino, 

2- naphthylsulfonylamino, 1 -naphthylsulfonylamino). 

[0029] The "acyloxy" mentioned above may for example be formyloxy, C^_ Q alkyl-carbonyloxy (e.g., acetoxy, propi- 
5 onyloxy), C 6 _ 14 aryl-carbonyloxy (e.g., benzoyloxy, naphthylcarbonyloxy), C,_ 6 alkoxy-carbonyloxy (e.g., methoxycar- 
bonyloxy, ethoxycarbonyloxy, propoxycarbonyloxy ; butoxycarbonyloxy), mono-C^g alkyl-carbamoyloxy (e.g., methyl- 
carbamoyloxy, ethylcarbamoyloxy), di-C^g alkyl-carbamoyloxy (e.g., dimethylcarbamoyloxy, diethylcarbamoyloxy), 
C 6 . 14 arylcarbamoyloxy (e.g., phenylcarbamoyloxy, naphthylcarbamoyloxy), nicotinoyloxy and the like. 
[0030] A "5- to 7-membered saturated cyclic amino" in the "optionally substituted 5- to 7-membered saturated cyclic 
10 amino" mentioned above may for example be morpholino, thiomorpholino, piperazin-1 -yl, piperidino, pyrrolidin-1 -yl 
and the like. A"substituent" in such an "optionally substituted 5- to 7-membered saturated cyclic amino" may forexample 
be C|_g alkyl (e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl), C 6 . 14 aryl (e.g. ; 
phenyl, 1-naphthyl, 2-naphthyl, biphenylyl, 2-anthryl), 5- to 10-mebered aromatic heterocyclic group (e.g., 2- or 

3- thienyl, 2-, 3- or 4-pyridyl, 2-, 3-, 4-, 5- or 8-quinolyl, 1-, 3-, 4- or 5-isoquinolyl, 1-, 2- or 3-indolyl, 2-benzothiazolyl, 
15 2-benzo[b]thienyl, benzo[b]furanyl). 1 to 3 of which may be employed. 

[0031] A "substituent" in the "optionally substituted heterocyclic group" represented by R 1 or R 2 may for example be 
a 5- to 14-membered heterocyclic group (aromatic heterocyclic group, saturated or unsaturated non-aromatic hetero- 
cyclic group) containing 1 to 4 heteroatoms selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms. 
[0032] Such "aromatic heterocyclic group" may for example be a 5- to 1 4-membered, preferably 5- to 1 0-membered 

20 aromatic heterocyclic group containing one or more (for example 1 to 4) heteroatoms selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms. Those exemplified typically are a monovalent group formed by removing 
any hydrogen atom from an aromatic heterocyclic ring such as thiophene, benzothiophene, benzofuran, benzimidazole, 
benzoxazole, benzothiazole, benzisothiazole, naphtho[2,3-b]thiophene, furane, isoindolidine, xantholene, phenoxathi- 
ine, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine, indole, isoindole, 1 H-indazole, purine, 4H- 

25 quinolidine, isoquinoline, quinoline, phthalazine, naphthylidine, quinoxaline, quinazoline, cinnoline, carbazole, (3-car- 
boline, phenanthridine, acridine, phenazine, thiazole, isothiazole, phenothiazine, oxazole, isoxazole, furazane or phe- 
noxazine, or a ring formed by condensation of any of the ring listed above (preferably monocyclic ring) with one ore 
more (preferably 1 or 2) aromatic rings (e.g., benzene ring, etc.) and the like. 

[0033] A preferred "aromatic heterocyclic group" may for example be a 5- or 6-membered aromatic heterocyclic 
30 group which may be fused with a single benzene ring. Those exemplified typically are 2-, 3- or 4-pyridyl, 2-, 3-, 4-, 5- 
or 8-quinolyl, 1-, 3-, 4- or 5-isoquinolyl, 1-, 2- or 3-indolyl, 2-benzothiazolyl, 2-benzo[b]thienyl, benzo[b]furanyl, 2- or 
3-thienyl and the like. Those employed more preferably are 2- or 3-thienyl, 2-, 3- or 4-pyridyl, 2- or 3-quinolyl, 1-iso- 
quinolyl, 1 - or 2-indolyl, 2-benzothiazolyl and the like. 

[0034] A "non-aromatic heterocyclic group" may for example be a 3- to 8-membered (preferably 5- to 6-membered) 
35 saturated or unsaturated (preferably saturated) non-aromatic heterocyclic group (aliphatic heterocyclic group) such as 
oxylanyl, azethidinyl, oxetanyl, thietanyl, pyrrolidinyl, tetrahydrofuryl, thiolanyl, piperidyl, tetrahydropyranyl, morpholi- 
nyl, thiomorpholinyl, piperazinyl and the like. 

[0035] A "substituent" in the "optionally substituted heterocyclic group" represented by R 1 or R 2 is similar to the 
"substituent" in the "optionally substituted hydrocarbon group" represented by R 1 or R 2 described above, and the same 
40 number of such substituents is employed. 

[0036] A "3- to 8-membered homocyclic ring" in the "optionally substituted 3- to 8-membered homocyclic ring" formed 
from R 1 and R 2 may for example be a C 3 . 8 cycloalkane such as cyclopropane, cyclobutane, cyclopentan, cyclohexane 
and the like. 

[0037] A "3- to 8-membered heterocyclic ring" in the "optionally substituted 3- to 8-membered heterocyclic ring" 
45 formed from R 1 and R 2 mayforexamplebea3-to 8-membered heterocyclic ring containing 1 to 4 heteroatoms selected 
from nitrogen, sulfur and oxygen atoms in addition to carbon atoms, such as aziridine, azetidine, morpholine, thiomor- 
pholine. piperazine, piperidine, pyrrolidine, hexamethyleneimine. heptamethyleneimine, hexahydropyrimidine and the 
like. 

[0038] A "substituent" in the "optionally substituted 3- to 8-membered homocyclic or heterocyclic ring" formed from 
50 r*i and R 2 is similar to the "substituent" in the "optionally substituted hydrocarbon group" represented by R 1 or R 2 
described above, and the same number of such substituents is employed. 

[0039] The "optionally substituted hydrocarbon group" and "optionally substituted heterocyclic group" represented 
by R 3 are similar to the "optionally substituted hydrocarbon group" and "optionally substituted heterocyclic group" 
represented by R 1 or R 2 described above. 
55 [0040] In the formula shown above, W is: 

(i) a group represented by Formula: 



9 



EP 1 323 716 A1 




wherein Ring A is an optionally substituted benzene ring, Ring B is an optionally substituted 5- to 7-membered 
nitrogen-containing heterocyclic ring, 
10 (ii) a group represented by Formula: 



\ 



N- 



(Wb) 



20 wherein R 4 is (1) an aliphatic hydrocarbon group which is substituted by an optionally substituted aromatic group 

and which may have a further substituent or (2) an optionally substituted aromatic ring-containing acyl group, R 5 
is a hydrogen atom, a C-,_ 6 alkyl or an acyl group, or, 
(iii) a group represented by Formula: 

25 

R — X— (Wc) 



wherein R 4c is an optionally substituted aromatic group, an optionally substituted aliphatic hydrocarbon group or 
an acyl group, X is an oxygen atom or an optionally oxidized sulfur atom. 

[0041] When W is Wa, R 3 in the formula shown above is preferably a hydrogen atom, an optionally substituted 
hydrocarbon group or an optionally substituted heterocyclic group (hereinafter sometimes referred to as R 3a ). 
[0042] In the formula shown above, the Ring A is an optionally substituted benzene ring. 

[0043] A "substituent" in the "optionally substituted benzene ring" represented by the Ring A is similar to the "sub- 
stituent" in the "optionally substituted hydrocarbon group" represented by R 1 or R 2 described above, and the "optionally 
substituted benzene ring" may have 1 to 4 (preferably 1 or 2) such substitutents at any substitutable positions, and 
when the number of such substituents is 2 or more, the substituents may be the same as or different from each other. 
[0044] In the formula shown above, the Ring B is an optionally substituted 5- to 7-membered nitrogen-containing 
heterocyclic ring. 

[0045] The "5- to 7-membered nitrogen-containing heterocyclic ring" represented by the Ring B may for example be 
a 5- to 7-membered nitrogen-containing heterocyclic ring such as pyrrole (e.g., 1 H-pyrrole), dihydropyrrole (e.g., 2,5-di- 
hydro-1 H-pyrrole), dihydropyridine (e.g., 1 ,2-dihydropyridine), tetrahyrdopyridine (e.g., 1 ,2,3,4-tetrahydropyridine), 
azepine (e.g., 1 H-azepine), dihydroazepine (e.g., 2,3-dihydro-1 H-azepine, 2, 5-dihydro-1 H-azepine. 2,7-dihydro-1 H- 
azepine) ; tetrahydroazepine (e.g., 2,3,6,7-tetrahydro-1 H-azepine, 2, 3, 4,7-tetrahydro-1 H-azepine) and the like. 
[0046] A "substituent" in the "optionally substituted 5- to 7-membered nitrogen-containing heterocyclic ring" repre- 
sented by the Ring B is similar to the "substituent" in the "optionally substituted hydrocarbon group" represented by 
R 1 or R 2 described above, and the same number of such substituents is employed. The substituent on the Ring B may 
also be an oxo group and the like. 
[0047] A group represented by Formula: 




wherein each symbol is as defined above, is more typically a group represented by Formulae: 
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5 



10 



15 



20 



25 



30 




35 

wherein R 6 and R 7 are same or different and each is a hydrogen atom, a halogen or an optionally substituted hydro- 
carbon group, and Ring A is as defined above, preferably a group represented by Formulae: 



40 



45 



50 




55 

wherein each symbol is as defined above, more preferably a group represented by Formulae: 
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5 




10 wherein each symbol is as defined above, especially a group represented by Formulae: 



15 




wherein each symbol is as defined above. 

[0048] The "halogen" or "optionally substituted hydrocarbon group" represented by R 6 and R 7 is similar to the "hal- 
ogen" or "optionally substituted hydrocarbon group" as "substituent" on the Ring B described above. 
[0049] In the formula shown above, the Ring C is a benzene ring which may further have a substituent in addition 

25 to the group represented by W. 

[0050] The Ring C may have 1 to 3 (preferably 1 ) groups represented by W at any substitutable positions, and when 
the number of the substituents is 2 or more, then they may be the same as or different from each other. 
[0051] A "substituent" which the Ring C may further have is similar to the "substituent" in the "optionally substituted 
hydrocarbon group" represented by R 1 or R 2 described above. A "C A . G alkyl" group as a "substituent" on the Ring C 

30 may be substituted for example by a "4- to 8-membered lactone which may be substituted for example by hydroxy (for 
example, 3-hydroxy-5-valerolactone) or the like. The Ring C may have 1 to 3 (preferably 3) such substituents at any 
substitutable positions, and when the number of the substituents is 2 or more, then they may be the same as or different 
from each other. 

[0052] The Ring C is preferably a benzene ring substituted by three C,_ 6 alkyl groups such as methyl. 
35 [0053] When W is Wa, then the Ring C in the formula shown above is preferably a benzene ring which may further 
have a substituent selected from a halogen, optionally halogenated lower alkyl, optionally halogenated lower alkoxy 
and optionally halogenated lower alkylthio in addition to a group represented by Formula: 




45 wherein each symbol is as defined above, (hereinafter sometimes referred to as Ring C 1 ). 
[0054] The ring C 1 may have 1 to 3 (preferably 1) substituents represented by Formula: 




55 at any substitutable positions, and when the number of the substituents is 2 or more, then they may be the same as 
or different from each other. 

[0055] The "halogen" as a "substituent" which the ring C 1 may further have may for example be fluorine, chlorine, 
bromine or iodine. The "optionally halogenated lower alkyl" may for example be C,_ 6 alkyl (e.g., methyl, ethyl, propyl, 
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isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl) which may have 1 to 5, preferably 1 to 3 halogen atoms 
(e.g., fluorine, chlorine, bromine, iodine), and those exemplified typically are methyl, chloromethyl, difluoromethyl, 
trichloromethyl, trifluoromethyl, ethyl, 2-bromoethyl, 2,2,2-trifluoroethyl, pentafluoroethyl, propyl, 3,3,3-trifluoropropyl, 
isopropyl, butyl, 4,4,4-trifluorobutyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, 5,5,5-trifluoropentyl, 

5 hexyl, 6,6,6-trifluorohexyl and the like. 

[0056] The "optionally halogenated lower alkoxy" may for example be C-|_ 6 alkoxy (e.g., methoxy, ethoxy, propoxy ; 
isopropoxy, butoxy, isobutoxy, sec-butoxy, pentyloxy, hexyloxy) which may have 1 to 5 ; preferably 1 to 3 halogen atoms 
(e.g., fluorine, chlorine, bromine, iodine). Those exemplified typically are methoxy, difluoromethoxy, t r if I uoro methoxy, 
ethoxy, 2,2,2-trifluoroethoxy, propoxy, isopropoxy, butoxy, 4,4,4-trifluorobutoxy, isobutoxy, sec-butoxy, pentyloxy, hex- 

10 yloxy and the like. An "optionally halogenated lower alkylthio" group mentioned above may for example be C,_ 6 alkylthio 
(e.g., methylthio, ethylthio, propylthio, isopropylthio, butylthio, sec-butylthio, tert-butylthio) which may have 1 to 5, pref- 
erably 1 to 3 halogen atoms (e.g., fluorine, chlorine, bromine, iodine). Those exemplified typically are methylthio, dif- 
luoromethylthio, trifluoromethylthio, ethylthio, propylthio, isopropylthio, butylthio, 4,4,4-trifluorobutylthio, pentylthio, 
hexylthio and the like. 

15 [0057] The Ring C 1 may have 1 to 3 (preferably 3) such substituents at any substitutable positions, and when the 
number of the substituents is 2 or more, then they may be the same as or different from each other. 
[0058] When W is Wb, then R 3 in the formula shown above is preferably an optionally substituted C 6 . 14 aryl group 
(hereinafter sometimes referred to as R 3b ). 

[0059] A "C 6 _14 aryl" group in the "optionally substituted C 6 . 14 aryl" represented by R 3b may for example be C 6 . 14 
20 aryl such as phenyl, 1-naphthyl, 2-naphthyl, biphenylyl, anthryl and the like. 

[0060] A "substituent" in such "optionally substituted C 6 . 14 aryl" is similar to the "substituent" in the "optionally sub- 
stituted hydrocarbon group" represented by R 1 or R 2 described above, and the same number of such substituents is 
employed. 

[0061] In the formula shown above, R 4 is (1) an aliphatic hydrocarbon group which is substituted by an optionally 
25 substituted aromatic group and which may further have a substituent, or (2) an acyl group which may contain an 
optionally substituted aromatic group. 

[0062] An "aromatic group" in the "optionally substituted aromatic group" as a substituent on the "aliphatic hydrocar- 
bon group which has an optionally substituted aromatic group and which may further have a substituent" represented 
by R 4 may for example be an aromatic hydrocarbon group and an aromatic heterocyclic group. 
30 [0063] Such "aromatic hydrocarbon group" may for example be a monocyclic orfused polycyclic (dicyclic ortricyclic) 
aromatic hydrocarbon group having 6 to 14 carbon atoms. Those exemplified typically are C 6 . 14 aryl groups such as 
phenyl, 1 -naphthyl, 2-naphthyl, biphenylyl, anthryl andthe like, preferably C 6 . 10 aryl such as phenyl, 1 -naphthyl, 2-naph- 
thyl and the like. 

[0064] Such "aromatic heterocyclic group" may for example be a 5- to 1 4-membered, preferably 5- to 1 0-membered 
35 aromatic heterocyclic group containing one or more (for example 1 to 4) heteroatoms selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms. Those exemplified typically are a monovalent group formed by removing 
any hydrogen atom from an aromatic heterocyclic ring such as thiophene, benzothiophene, benzofuran, benzimidazole, 
benzoxazole, benzothiazole, benzisothiazole, naphtho[2,3-b]thiophene, furane, isoindolidine, xantholene, phenoxathi- 
ine, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine, indole, isoindole, 1 H-indazole, purine, 4H- 
40 quinolidine, isoquinoline, quinoline, phthalazine, naphthylidine, quinoxaline, quinazoline, cinnoline, carbazole, |3-car- 
boline, phenanthridine, acridine, phenazine, thiazole, isothiazole, phenothiazine, oxazole, isoxazole, furazane or phe- 
noxazine, or a ring formed by condensation of any of the ring listed above (preferably monocyclic ring) with one ore 
more (preferably 1 or 2) aromatic rings (e.g., benzene ring, etc.) and the like. 

[0065] A preferred "aromatic heterocyclic group" may for example be a 5- or 6-membered aromatic heterocyclic 
45 group which may be fused with a single benzene ring. Those exemplified typically are 2-, 3- or 4-pyridyl, 2-, 3-, 4-, 5- 
or 8-quinolyl, 1-, 3-, 4- or 5-isoquinolyl, 1-, 2- or 3-indolyl, 2-benzothiazolyl, 2-benzo[b]thienyl, benzo[b]furanyl, 2- or 
3-thienyl and the like. Those employed more preferably are 2- or3-thienyl, 2-, 3- or 4-pyridyl, 2- or 3-quinolyl, 1-iso- 
quinolyl, 1 - or 2-indolyl, 2-benzothiazolyl and the like. 

[0066] A "substituent" in the "optionally substituted aromatic group" is similar to the "substituent" in the "optionally 
50 substituted hydrocarbon group" represented by R 1 or R 2 described above, and the same number of such substituents 
is employed. 

[0067] An "aliphatic hydrocarbon group" in the "aliphatic hydrocarbon group which has an optionally substituted 
aromatic group and which may further have a substituent" represented by R 4 may for example be alkyl, alkenyl, alkynyl, 
cycloalkyl and the like. Those preferred especially are C|_ 10 alkyl, C 2 _ 10 alkenyl, C 2 _-| 0 alkynyl, C 3 . 10 cycloalky and the 
55 like. 

[0068] Preferred "alkyl" may for example be C|_ 6 alkyl (e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, 
tert-butyl, pentyl, hexyl). 

[0069] Preferred "alkenyl" may for example be C 2 . 6 alkenyl (e.g., vinyl, allyl, isopropenyl, butenyl, isobutenyl, sec- 
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butenyl). 

[0070] Preferred "alkynyl" may for example be C 2 . 6 alkynyl (e.g., ethynyl, propargyl, butynyl, 1-hexynyl). 

[0071] Preferred "cycloalkyl" may for example be C 3 . 6 cycloalkyl (e.g., cyclopropyl, cyclobutyl, cyclopentyl, cy- 

clohexyl). 

5 [0072] Among those listed above, a C|_ 6 alkyl group is preferred. 

[0073] The "aliphatic hydrocarbon group" mentioned above may have 1 to 3 "optionally substituted aromatic groups" 
at any substitutable positions, and when the number of such substituents is 2 or more, then they may be the same as 
or different from each other. 

[0074] A "substituent" which the "aliphatic hydrocarbon group" may further have is similar to the "substituent" in the 
10 "optionally substituted hydrocarbon group" represented by R 1 or R 2 described above, and the same number of such 
substituents is employed. 

[0075] An "acyl group" in the "acyl group which may contain an optionally substituted aromatic group" represented 
by R 4 is similar to the "acyl group" as "substituent" in the "optionally substituted hydrocarbon group" represented by 
R 1 or R 2 described above. 

*5 [0076] An "optionally substituted aromatic group" in the "acyl group which may contain an optionally substituted 
aromatic group" represented by R 4 is similarto the "optionally substituted aromatic group" in the "aliphatic hydrocarbon 
group which has an optionally substituted aromatic group and which may further have a substituent" represented by 
R 4 described above. 

[0077] Those exemplified typically as the "acyl group which may contain an optionally substituted aromatic group" 
20 represented by R 4 are preferably C 6 _ 14 aryl-carbonyl (e.g., benzoyl, 1 -naphthoyl, 2-naphthoyl), C 7 _i 6 aralkyl-carbonyl 
(e.g., phenylacetyl, phenylpropionyl), C 6 . 14 aryloxy-carbonyl (e.g., phenoxycarbonyl), C 7 . 16 aralkyloxy-carbonyl (e.g.. 
benzyloxycarbonyl, phenethyloxycarbonyl), 5- or 6-membered heterocyclic carbonyl (e.g., nicotinoyl, isonicotinoyl, 

2- thenoyl, 3-thenoyl ; 2-furoyl, 3-furoyl, morpholinocarbonyl, thiomorpholinocarbonyl, piperidinocarbonyl, 1 -pyrrolidinyl- 
carbonyl), C 6 _ 14 aryl-carbamoyl (e.g., phenylcarbamoyl, 1 -naphthylcarbamoyl, 2-naphthylcarbamoyl), 5- or 6-mem- 

25 bered heterocyclic carbamoyl (e.g., 2-pyridylcarbamoyl, 3-pyridylcarbamoyl, 4-pyridylcarbamoyl, 2-thienylcarbamoyl, 

3- thienylcarbamoyl), C 6 . 14 arylsulfonyl (e.g., phenylsulfonyl, 1 -naphthylsulfonyl, 2-naphthylsulfonyl), C 6 _i 4 arylsulfinyl 
(e.g., phenylsulfinyl, 1 -naphthylsulfinyl, 2-naphthylsulfinyl). 

[0078] In the formula shown above, R 5 is a hydrogen atom, a C|_ 6 alkyl group or an acyl group. 
[0079] The C A _ G alkyl group represented by R 5 may for example be methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
30 sec-butyl, tert-butyl, pentyl, hexyl and the like. 

[0080] The "acyl group" represented by R 5 is similar to the "acyl group" as "substituent" in the "optionally substituted 
hydrocarbon group" represented by R 1 or R 2 described above. 

[0081 ] When W is Wb, the Ring C in the formula shown above is a benzene ring which may further have a substituent 
in addition to a group represented by Formula: -NR 4 (R 5 ) (hereinafter sometimes referred to as ring C 2 ). 

35 [0082] The Ring C 2 may have 1 to 3 groups represented by Formula: -NR 4 (R 5 ) at any substitutable positions, and 
when the number of the substituents is 2 or more, then each substituent may be same to or different from each other. 
[0083] A "substituent" which the Ring C 2 may further have in addition to a group represented by Formula: -NR 4 (R 5 ) 
may for example be a halogen atom (e.g., fluorine, chlorine, bromine, iodine), C^_ 3 alkylenedioxy (e.g., m ethyl enedioxy, 
ethylenedioxy), nitro, cyano, optionally halogenated C|_ 6 alkyl, optionally halogenated C 2 . 6 alkenyl, optionally halogen- 

40 ated C 2 _ 6 alkynyl, optionally halogenated C 3 . 6 cycloalkyl, C 6 _ 14 aryl (e.g., phenyl, 1-naphthyl : 2-naphthyl, biphenylyl, 
2-anthryl), optionally halogenated C|_ 6 alkoxy, hydroxy, amino, mono-C|_ 6 alkylamino (e.g., methylamino, ethylamino), 
mono-C 6 . 14 arylamino (e.g., phenylamino, 1-naphthylamino, 2-naphthylamino), di-C,_ 6 alkylamino (e.g., dimethylami- 
no, diethylamino), di-C 6 . 14 arylamino (e.g., diphenylamino), acyl, acylamino, optionally substituted 5-to 7-membered 
saturated cyclic amino, 5- to 1 0-membered aromatic heterocyclic group (e.g., 2- or 3-thienyl, 2-, 3-or 4-pyridyl, 2-, 3-, 

45 4- ; 5- or 8-quinolyl, 1 -, 3-, 4- or 5-isoquinolyl, 1 -, 2- or 3-indolyl, 2-benzothiazolyl, 2-benzo[b]thienyl, benzo[b]furanyl), 
sulfo and the like. 

[0084] Such "optionally halogenated C|_ 6 alkyl", "optionally halogenated C 2 . 6 alkenyl". "optionally halogenated C 2 . 6 
alkynyl", "optionally halogenated C 3 . 6 cycloalkyl", "optionally halogenated C-|_ 6 alkoxy", "acyl", "acylamino" and "op- 
tionally substituted 5- to 7-membered saturated cyclic amino" may for example be similarto those described as "sub- 
50 stituents" in the "optionally substituted hydrocarbon group" represented by R 1 or R 2 described above. 

[0085] R 4c is an optionally substituted aromatic group, an optionally substituted aliphatic hydrocarbon group or an 
acyl group. 

[0086] An "aromatic group" in the "optionally substituted aromatic group" represented by R 4c may for example be 
an aromatic hydrocarbon group, aromatic heterocyclic group and the like. 
55 [0087] Such "aromatic hydrocarbon group" may for example be a monocyclic orfused polycyclic (dicyclic ortricyclic) 
aromatic hydrocarbon group having 6 to 14 carbon atoms. Those exemplified typically are C 6 _ 14 aryl groups such as 
phenyl, 1-naphthyl, 2-naphthyl, biphenylyl, anthryl and the like. 

[0088] Such "aromatic heterocyclic group" may for example be a 5- to 1 4-membered, preferably 5- to 1 0-membered 
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aromatic heterocyclic group containing one or more (for example 1 to 4) heteroatoms selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms. Those exemplified typically are a monovalent group formed by removing 
any hydrogen atom from an aromatic heterocyclic ring such as thiophene, benzothiophene, benzofuran, benzimidazole, 
benzoxazole, benzothiazole, benzisothiazole, naphtho[2,3-b]thiophene, furane, isoindolidine, xantholene, phenoxathi- 

5 ine, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine, indole, isoindole, 1 H-indazole, purine, 4H- 
quinolidine, isoquinoline, quinoline, phthalazine, naphthylidine, quinoxaline, quinazoline, cinnoline, carbazole, (3-car- 
boline, phenanthridine, acridine, phenazine, thiazole, isothiazole, phenothiazine, oxazole, isoxazole, furazane or phe- 
noxazine, or a ring formed by condensation of any of the ring listed above (preferably monocyclic ring) with one ore 
more (preferably 1 or 2) aromatic rings (e.g., benzene ring, etc.) and the like. 

10 [0089] A preferred "aromatic heterocyclic group" may for example be a 5- or 6-membered aromatic heterocyclic 
group which may be fused with a single benzene ring. Those exemplified typically are 2-, 3- or 4-pyridyl, 2-, 3-, 4-, 5- 
or 8-quinolyl, 1-, 3-, 4- or 5-isoquinolyl, 1-, 2- or 3-indolyl, 2-benzothiazolyl, 2-benzo[b]thienyl, benzo[b]furanyl, 2- or 
3-thienyl and the like. Those employed more preferably are 2- or 3-thienyl, 2-, 3- or 4-pyridyl, 2- or 3-quinolyl, 1-iso- 
quinolyl, 1 - or 2-indolyl, 2-benzothiazolyl and the like. 

15 [0090] A "substituent" in the "optionally substituted aromatic group" may for example be a halogen atom (e.g. , fluorine, 
chlorine, bromine, iodine), C,_ 3 alkylenedioxy (e.g., methylenedioxy, ethylenedioxy), nitro, cyano, optionally halogen- 
ated C,_ 6 alkyl, optionally halogenated C 2 _ 6 alkenyl, optionally halogenated C 2 _ 6 alkynyl, optionally halogenated C 3 _ 6 
cycloalkyl, optionally halogenated C|_ 6 alkoxy, optionally halogenated C-^g alkylthio, hydroxy, amino, mono-C|_ 6 
alkylamino (e.g., methylamino, ethylamino, propylamino, isopropylamino, butylamino), di-C-|_ 6 alkylamino (e.g., dimeth- 

20 ylamino, diethylamino, dipropylamino, dibutylamino, ethylmethylamino), optionally substituted 5-to 7-membered satu- 
rated cyclic amino, acyl, acylamino, acyloxy, sulfo, C 6 . 14 aryl (e.g., phenyl, 1-naphthyl, 2-naphthyl), C 6 _ 14 aryloxy (e. 
g., phenyloxy, naphthyloxy) and the like. 

[0091] Such "optionally halogenated C,_ 6 alkyl", "optionally halogenated C 2 _ 6 alkenyl". "optionally halogenated C 2 . 6 
alkynyl", "optionally halogenated C 3 . 6 cycloalkyl", "optionally halogenated C^_ 6 alkoxy", "optionally halogenated C,_ 6 
25 alkylthio", "optionally substituted 5- to 7-membered saturated cyclic amino", "acyl", "acylamino" and "acyloxy" may for 
example be similar to those described as "substituents" in an "optionally substituted hydrocarbon group" represented 
by R 1 or R 2 described above. 

[0092] The "aromatic group" mentioned above may have 1 to 3 substituents listed above at any substitutable posi- 
tions, and when the number of the substituents is 2 or more, then they may be the same as or different from each other. 

30 [0093] The "optionally substituted aromatic group" mentioned above is preferably phenyl, 2-, 3- or 4-pyridyl ; 2- or 
3-quinolyl, 1 -isoquinolyl which may be substituted by 1 to 3 substituents selected from a halogen atom, C^. 3 alkylen- 
edioxy, nitro, cyano, optionally halogenated C-,_ 6 alkyl, optionally halogenated C 2 . 6 alkenyl, optionally halogenated C 2 . 6 
alkynyl, optionally halogenated C 3 . 6 cycloalkyl, optionally halogenated C^. e alkoxy, optionally halogenated C|_ 6 alkylth- 
io, hydroxy, amino, mono-C^g alkylamino, di-C^g alkylamino, optionally substituted 5- to 7-membered saturated cyclic 

35 amino, acyl, acylamino, acyloxy, sulfo, C 6 _ 14 aryl and C 6 . 14 aryloxy. 

[0094] An "aliphatic hydrocarbon group" in the "optionally substituted aliphatic hydrocarbon group" represented by 
R 4C may for example be alkyl, alkenyl, alkynyl, cycloalkyl and the like. Those preferred especially are C-|. 10 alkyl, C 2 . 10 
alkenyl, C 2 . 10 alkynyl, C 3 . 10 cycloalky and the like. 

[0095] Preferred "alkyl" may for example be C^g alkyl (e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, 
40 tert-butyl, pentyl, hexyl). 

[0096] Preferred "alkenyl" may for example be C 2 . 6 alkenyl (e.g., vinyl, allyl, isopropenyl, butenyl. isobutenyl, sec- 
butenyl). 

[0097] Preferred "alkynyl" may for example be C 2 . 6 alkynyl (e.g., ethynyl, propargyl, butynyl, 1-hexynyl). 
[0098] Preferred "cycloalkyl" may for example be C 3 . 6 cycloalkyl (e.g., cyclopropyl, cyclobutyl, cyclopentyl, cy- 
45 clo hexyl). 

[0099] Among those listed above, a C,_ 6 alkyl group is preferred. 

[0100] A "substituent" which the "aliphatic hydrocarbon group" may have is similar to the "substituent" in the "option- 
ally substituted hydrocarbon group" represented by R 1 or R 2 described above, and the same number of such substit- 
uents is employed. 

50 [0101] Such "substituent" may for example be acyl (e.g., carboxy, C-|_g alkyl-carbonyl, C-|. 6 alkoxy-carbonyl, C 6 . 14 
aryl-carbonyl) and the like. 

[01 02] The "acyl group" represented by R 4C is similarto the "acyl group" as "substituent" in the "optionally substituted 
hydrocarbon group" represented by R 1 or R 2 described above. 

[01 03] The "optionally oxidized sulfur atom" represented by X or Y may for example be S, SO and S0 2 . 
55 [01 04] A "substituent" in the "optionally substituted imino" represented by Y may for example be optionally substituted 
hydrocarbon group and acyl. 

[0105] Such "optionally substituted hydrocarbon group" may for example be similar to the "optionally substituted 
hydrocarbon group" represented by R 1 or R 2 described above. 
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[0106] Such "acyl" may for example be the "acyl group" as "substituent" in the "optionally substituted hydrocarbon 
group" represented by R 1 or R 2 described above. 

[0107] The "optionally substituted imino" represented by Y is preferably imino, C-,_ 6 alkylimino (e.g., methylimino, 
ethylimino), C 6 . 14 arylimino (e.g., phenylimino, 1 -naphthylimino, 2-naphthylimino), C 7 . 16 aralkylimino (e.g., benzylimi- 
no) and the like. 

[0108] Each of X and Y is preferably an oxygen atom. 

[0109] As described above, a compound (I) of the present invention includes a compound (la) represented by For- 
mula: 




wherein each symbol is as defined above, a compound (lb) represented by Formula: 




wherein each symbol is as defined above and a compound (Ic) represented by Formula: 




J (lc) 



wherein each symbol is as defined above. 

[0110] In the Compound (la) shown above, R 1 and R 2 are same or different and preferably each is a hydrogen atom 
or an optionally substituted C|_ 6 alkyl group (especially a C^_ 3 alkyl group such as methyl), or R 1 and R 2 are taken 
together with the adjacent carbon atom to form an optionally substituted 3- to 8-membered homocyclic or heterocyclic 
ring, and more preferably each of R 1 and R 2 is a C-|_ 6 alkyl group. When ™- is a double bond, then R 2 is not present, 
and R 1 is preferably an optionally substituted C|_ 6 alkyl group, especially a C-,.3 alkyl group such as methyl. 
[0111] A preferred R 3 may for example be an optionally substituted C 6 _ 14 aryl group. 

[0112] A preferred Ring A may for example be a benzene ring which may have 1 to 3 substituents selected from 
halogen, C,_ 6 alkyl, C|_ 6 alkoxy and C A _ 6 alkylenedioxy. 

[0113] A preferred Ring B may for example be a 5- to 7-membered nitrogen-containing heterocyclic ring which may 
be substituted by 1 to 2 C|_ 6 alkyl groups. 

[01 14] A preferred Ring C 1 may for example be a benzene ring which may further be substituted by 1 to 3 substituents 
selected from C-|_ 6 alkyl and C-|_ 6 alkoxy groups. 
[0115] A group represented by Formula: 



(5® 
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wherein each symbol is as defined above is preferably a group represented by Formulae: 



5 




wherein each symbol is as defined above. Specifically, in the above formulae, each of R 6 and R 7 is preferably a hydrogen 
atom, and the Ring A is preferably a benzene ring which may have 1 to 3 substituents selected from halogen, C-,. 6 
alkyl, C|_ 6 alkoxy and C|_ 6 alkylenedioxy. 
15 [0116] The position at which the Ring C 1 is substituted by a group represented by Formula: 



20 




wherein each symbol is as defined in Claim 1 , is preferably the 5-position on the benzofuran ring or dihydrobenzofuran 
ring. 

25 [0117] In an especially preferred Compound (la), each of R 1 and R 2 is a hydrogen atom or a C,_ 6 alkyl group (es- 
pecially a C-,.3 alkyl group such as methyl), R 3a is a hydrogen atom or a phenyl group which may have 1 to 3 substituents 
selected from C^_ 6 alkyl (especially a C-|_ 3 alkyl group such as methyl, ethyl, propyl, isopropyl) and halogen atoms 
(especially fluorine), the Ring A is a benzene ring which may have 1 to 3 substituents selected from halogen, C|_ 6 alkyl 
(especially a C 1 . 3 alkyl such as methyl) , C A _ G alkoxy (especially, a C 1 _ 3 alkoxy such as methoxy) and C A . G alkylenedioxy 

30 (especially, a C 1 . 3 alkylenedioxy such as methylenedioxy), the Ring B is a 5- to 7-membered nitrogen-containing het- 
erocyclic ring which may be substituted by 1 or 2 C,_ 6 alkyl groups, the Ring C 1 is a benzene ring which may further 
have 1 to 3 substituents selected from C-|_ 6 alkyl (especially a C-,_ 3 alkyl such as methyl) and C-|_ 6 alkoxy (especially, 
a C 1-3 alkoxy such as methoxy) groups, and Y is an oxygen atom, and in a particularly preferred compound the group 
represented by Formula: 

35 




wherein each symbol is as defined above is a group represented by Formula: 



45 




50 wherein Ring A 1 is a benzene ring which may have 1 to 3 substituents selected from halogen, C|_ 6 alkoxy and C|_ 6 
alkylenedioxy. 

[01 18] When — is a double bond, then R 2 is not present, and a preferred R 1 may for example be a C|_ 6 alkyl group, 
especially a C-|_ 3 alkyl group such as methyl. While other symbols are preferably as defined above, a particularly 
preferred compound is a compound wherein R 3a is a phenyl group which may have 1 to 3 C|_ Q alkyl (especially C 1-3 
55 alkyl such as methyl, ethyl, propyl, isopropyl) groups, the Ring A is a benzene ring which may be substituted by 1 to 
3 C,_ 6 alkoxy (especially methoxy) groups, the Ring B is a 5- to 7-membered nitrogen-containing heterocyclic ring, the 
Ring C 1 is a benzene ring which may further be substituted by 1 to 3 C-,. 6 alkyl (especially C-,_ 3 alkyl such as methyl) 
groups (especially a benzene ring substituted by 3 C^, 6 alkyl groups such as methyl groups), and Y is an oxygen atom. 
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One especially preferred is a compound wherein the group represented by Formula: 




wherein each symbol is as defined above is a group represented by Formula: 




[0119] Examples of a Compound (la) are preferably the compounds produced in the Example 1a to Example 22a 
described below, among those preferred are: 

[1] 2-[2 ) 2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]isoindoline (Example 4a) or a salt 
thereof, 

[2] 5,6-dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]isoindoline (Exam- 
ple 6a) or a salt thereof, 

[3] 5,6-dimethoxy-2-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl]isoindoline (Ex- 
ample 11a) or a salt thereof, 

[4] 6-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl]-6,7-dihydro-5H-[1 ,3]dioxolo 
[4,5-f]isoindole (Example 12a) or a salt thereof, 

[5] 6-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]-6H-[1 ,3]dioxolo[4,5-f]isoindole 
(Example 14a) or a salt thereof, 

[6] 6-(2,2,4,6,7-pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-yl)-6,7-dihydro-5H-[1 ,3]dioxolo[4,5-f]isoindole 
(Example 1 6a) or a salt thereof, 

[7] (R)-5,6-dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]isoindoline 
(Example 1 7a), 

[8] (R)-5,6-dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]isoindoline hy- 
drochloride (Example 19a), 

[9] 5,6-dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]-2H-isoindole 

(Example 23a) or a salt thereof, among which those preferred especially are: 

[1 ] 5,6-dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]isoindoline (Exam- 
ple 6a), 

[2] 6-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl]-6,7-dihydro-5H-[1 ,3]dioxolo 
[4,5-f]isoindole (Example 12a), 

[3] (R)-5,6-dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]isoindoline 
(Example 1 7a), 

[4] (R)-5,6-dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]isoindoline hy- 
drochloride (Example 19a), 

[5] 5,6-dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]-2H-isoindole (Ex- 
ample 23a). 

[0120] In the Compound (lb) described above, preferably R 1 and R 2 are same or different and each is a hydrogen 
atom or an optionally substituted C-|_ 6 alkyl group (especially Ci_ 3 alkyl group such as methyl) or R 1 and R 2 are taken 
together with the adjacent carbon atom to form an optionally substituted 3- to 8-membered homocyclic ring (a C 3 _ 8 
cycloalkanesuch as cyclopropane, cyclobutane, cyclopentane, cyclohexane), and more preferably R 1 and R 2 are same 
or different and each is a hydrogen atom or a C|_ 6 alkyl group (especially C^_ 3 alkyl group such as methyl) or R 1 and 
R 2 are taken together with the adjacent carbon atoms to form a 3-to 8-membered homocyclic ring. Among those, each 
of R 1 and R 2 is preferably a C^. G alkyl group, especially methyl. 

[01 21 ] A preferred R 3b may for example be a phenyl group which may have 1 to 3 substituents selected from halogen 
(especially, fluorine) and C|_ 6 alkyl (especially C^. 3 alkyl such as methyl, ethyl . propyl, isopropyl), and more preferred 
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one is a phenyl group which may be substituted by fluorine, methyl or isopropyl. 

[0122] A preferred R 4 may for example be (1) a C|_ 6 alkyl group substituted by an aromatic group (especially, a C 6 . 14 
aryl group such as phenyl or a 5- or 6-membered aromatic heterocyclic group containing 1 to 3 heteroatoms selected 
from nitrogen, oxygen, sulfur and the like in addition to carbon atoms such as thienyl and pyridyl) which may have 1 

5 to 3substituents selected from halogen, C,_ 6 alkoxy and C^_ 3 alkylenedioxy, or (2) an acyl group containing an aromatic 
group (especially, a C 6 . 14 aryl group such as phenyl) which may have 1 to 3 substituents selected from halogen, C,_ 6 
alkoxy and C^. 3 alkylenedioxy, and more preferably (1) a C|_ 6 alkyl group (especially C|_ 3 alkyl such as methyl) sub- 
stituted by a C 6 _14 aryl group (especially, phenyl), thienyl or pyridyl which may have 1 to 3 substituents selected from 
halogen (especially, fluorine, chlorine), C-|_ 6 alkoxy (especially C-)_ 3 alkoxy such as methoxy) and C-). 3 alkylenedioxy 

10 (especially, methylenedioxy) or (2) a C 6 _ 14 aryl-carbonyl group (especially, phenylcarbonyl group), C 7 . 16 aralkyl-carb- 
onyl group (especially, benzylcarbonyl group), C 6 . 14 aryl-sulfonyl group (especially, phenylsulfonyl group), nicotinoyl 
group or thenoyl group which may have 1 to 3 substituents selected from halogen (especially, fluorine, chlorine), C^_ G 
alkoxy (especially C-|_ 3 alkoxy such as methoxy) and Ci_ 3 alkylenedioxy (especially, methylenedioxy). One preferred 
especially is a benzyl group or a phenethyl group which may have 1 to 3 substituents selected from fluorine, methoxy 

15 and methylenedioxy. 

[0123] A preferred R 5 may for example be a hydrogen atom, a C^q alkyl group (especially C^_ 3 alkyl such as methyl) 
or a C|_ 6 alkyl-carbonyl group (especially C,_ 3 alkyl-carbonyl group such as acetyl), more preferably it is a hydrogen 
atom or a methyl group. 

[01 24] A preferred Ring C 2 may for example be a benzene ring which may be further substituted by 1 to 3 C|_ 6 alkyl 
20 (especially C-,_ 3 alkyl such as methyl) groups, more preferably it is a benzene ring substituted further by 3 methyl groups. 
[0125] In an especially preferred Compound (lb), R 1 and R 2 are same or different and each is a hydrogen atom or 
a C,_ 6 alkyl group (especially C-|_ 3 alkyl group such as methyl) or R 1 and R 2 are taken together with the adjacent carbon 
atom to form a 3- to 8-membered homocyclic ring; 

R 3b is a phenyl group which may have 1 to 3 substituents selected from halogen (especially, fluorine) and C|_ 6 alkyl 

25 (especially C 1-3 alkyl such as methyl, ethyl, propyl, isopropyl); 

R 4 is (1) a C-,.6 alkyl group (especially C-|_ 3 alkyl such as methyl) substituted by a C 6 . 14 aryl group (especially, phenyl), 
thienyl or pyridyl which may have 1 to 3 substituents selected from halogen (especially, fluorine, chlorine), C-|_ 6 alkoxy 
(especially C^_ 3 alkoxy such as methoxy) and C,_ 3 alkylenedioxy (especially, methylenedioxy) or (2) a C 6 . 14 aryl-car- 
bonyl group (especially, phenylcarbonyl group), C 7 _ 16 aralkyl-carbonyl group (especially, benzylcarbonyl group), C 6 _ 14 

30 aryl-sulfonyl group (especially, phenylsulfonyl group), nicotinoyl group or thenoyl group which may have 1 to 3 substit- 
uents selected from halogen (especially, fluorine, chlorine), C,_ 6 alkoxy (especially C|_ 3 alkoxy such as methoxy) and 
C-1-3 alkylenedioxy (especially, methylenedioxy); 

R 5 is a hydrogen atom, aC|_ 6 alkyl group (especially C^_ 3 alkyl such as methyl) oraC^g alkyl-carbonyl group (especially 
C|_ 3 alkyl-carbonyl group such as acetyl); 
35 Y is an oxygen atom; and, 

the ring C 2 is a benzene ring further substituted by 1 to 3 C,_ 6 alkyl (especially C|_ 3 alkyl such as methyl) groups, and 
in a further preferred Compound, 
each of R 1 and R 2 is a methyl group; 

R 3b is a phenyl group optionally substituted by fluorine, methyl or isopropyl; 
40 r4 i s a benzyl group or a phenethyl group optionally substituted by fluorine, methoxy or methylenedioxy; 
R 5 is a hydrogen atom or a methyl group; 
™ is a single bond; 
Y is an oxygen atom; and, 

the Ring C 2 is a benzene ring further substituted by 3 methyl groups. 

45 [0126] When ™ is a double bond, then R 2 is not present, and R 1 is preferably a C,_ 6 alkyl group or the like, especially 
a C 1 . 3 alkyl group such as methyl. While other symbols are preferably as defined above, a particularly preferred com- 
pound is a compound wherein R 3b is a phenyl group which may have 1 to 3 substituents selected from halogen (es- 
pecially, fluorine) and C|_ 6 alkyl (especially C-|_ 3 alkyl such as methyl, ethyl, propyl, isopropyl); R 4 is (1) a C-,_ 6 alkyl 
group (especially C 1 _ 3 alkyl such as methyl) substituted by a C 6 _ 14 aryl group (especially, phenyl) which may have 1 

50 to 3 substituents selected from halogen (especially, fluorine) and C-|_ 6 alkoxy (especially C,_ 3 alkoxy such as methoxy) 
or (2) a C 6 . 14 aryl-carbonyl group (especially, phenylcarbonyl group) or a C 7 _i 6 aralkyl-carbonyl group (especially, 
benzylcarbonyl group) which may have 1 to 3 substituents selected from halogen (especially, fluorine) and C|_ 6 alkoxy 
(especially C^_ 3 alkoxy such as methoxy); R 5 is a hydrogen atom; Y is an oxygen atom; and the Ring C 2 is a benzene 
ring substituted further by 1 to 3 C,_ 6 alkyl (especially C,_ 3 alkyl such as methyl) groups (especially a benzene ring 

55 substituted by 3 C-|_ 3 alkyl groups such as methyl). 

[0127] Examples of a Compound (lb) are preferably the compounds produced in the Example 1b to Example 67b 
described below, among which those preferred are: 
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(1) N-(4-fluorobenzyl)-2,2,4,67-pentamethyl-3-phenyl-2,3-dihydro-1-benzofuran-5-anriine (Example 4b) or a salt 
thereof, 

(2) N-benzyl-3-(4-isopropylphenyl)-2,2,4 ) 6y-pentarriethyl-2 ! 3-clihydro-1 -benzofuran-5-amine (Example 6b) or a 
salt thereof, 

(3) 3-(4-isopropylphenyl)-N-(4-methoxybenzyl)-N,2,2,4,6,7-hexamethyl-2,3-dihydro-1 -benzofuran-5-amine (Ex- 
ample 9b) or a salt thereof. 

(4) 3-(4-isopropylphenyl)-N-[2-(4-methoxyphenyl)ethyl]-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran- 
5-amine (Example 11b) or a salt thereof, 

(5) N-(4-fluorobenzyl)-3-(4-isopropylphenyl)-2,2,4,6,7-penta^ (Example 
1 9b) or a salt thereof. 

(6) N-(1 ,3-benzodioxol-5-ylmethyl)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran- 
5-amine (Example 23b) or a salt thereof, 

(7) N-(4-fluorobenzyl)-3-(4-fluorophenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-amine (Example 
31b) or a salt thereof . 

(8) N-(4-methoxybenzyl)-2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine (Example 
33b) or a salt thereof. 

(9) N-(4-fluorobenzyl)-2 ; 2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine (Example 
35b) or a salt thereof, 

(10) 3-(4-isopropylphenyl)-N-(4-methoxybenzyl)-2,4,6 ; 7-tetramethyl-1-benzofuran-5-amine (Example 45b) or a 
salt thereof, 

(11) N-(4-fluorobenzyl)-3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1-benzofuran-5-amine (Example 47b) or a salt 
thereof, 

(12) N-(4-fluorobenzyl)-3-(4-fluorophenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine (Example 51b) or a salt 
thereof, 

(13) N-(4-fluorobenzyl)-3-(4-isopropylphenyl)-1\4,6,7-tetram 
(Example 55b) or a salt thereof, 

(1 4) (R)-N-(4-fluorobenzyl)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine, hy- 
drochloride (Example 61b) or other salts thereof, and among those preferred especially are: 

[1 ] N-(4-fluorobenzyl)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine (Example 
19b), 

[2] N-(4-fluorobenzyl)-3-(4-isopropylphenyl)-1\4,6,7-tetramethylspiro[benzofuran-2(3H),4'-pyperidine]-5-amine 
(Example 55b), 

[3] (R)-N-(4-fluorobenzyl)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine hydro- 
chloride (Example 61b) and the like. 

[0128] A group represented by Formula:-X-R 4c preferably substituts the 5-position on the backbone structure as 
shown below. 



[0129] In a preferred Compound (Ic), each of R 1 and R 2 is C A _ 6 alkyl which may have 1 to 3 substituents selected 
from (1) C 6 _ 14 aryl, (2) C,_ 6 alkoxy, (3) C^_ 6 alkylhtio, (4) hydroxy, (5) amino, (6) mono-C^g alkylamino, (7) mono-C 6 _ 14 
arylamino, (8) di-C-,_ 6 alkylamino, (9) di-C 6 _ 14 arylamino, (10) carboxy, (11) C^. G alkylsulfonyl, (12) C 6 . 14 arylsulfonyl, 
(13) C^e alkylsulfinyl, (14) ^6-14 arylsulfinyl and (15) 5- to 7-membered saturated cyclic amino which may have 1 to 3 
substituents selected from C|_ 6 alkyl, C 8 _ 14 aryl and 5- to 10-membered aromatic group, or, 

R 1 and R 2 are taken together with the adjacent carbon atom to form a 3- to 8-membered homocyclic or heterocyclic 
ring which may have 1 to 3 substituents selected from C 1 _ 6 alkyl, C 6 . 14 aryl, C 7 . 16 aralkyland5-to 1 0-membered aromatic 
heterocyclic group; 

R 3 is phenyl, 1-naphthyl, 2-naphthyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-quinolyl, 3-quinolyl, 
1-isoquinolyl, 1-indolyl, 2-indolyl or 2-benzothiazolyl which may have 1 to 3 substituents selected from (1) halogen 
atom, (2) C|_ 6 alkyl, (3) C,_ 6 alkoxy, (4) amino, (5) mono-C^g alkylamino, (6) di-C^g alkylamino and (7) 5- to 7-mem- 
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bered saturated cyclic amino which may have 1 to 3 substituents selected from C-|_ 6 alkyl, C 6 . 14 aryl and 5- to 1 0-mem- 
bered aromatic group; 

R 4c is (i) C-|. 6 alkyl which has a phenyl, 1-naphthyl, 2-naphthyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 
2-quinolyl, 3-quinolyl, 1 -isoquinolyl, 1 -indolyl, 2-indolyl or 2-benzothiazolyl which may have 1 to 3 substituents selected 
5 from (1) halogen atom, (2) C,_ 6 alkyl, (3) C|_ 6 alkoxy, (4) hydroxy, (5) amino, (6) mono-C^g alkylamino, (7) di-C,_ 6 
alkylamino, (8) carboxy and (9) 5-to 7-membered saturated cyclic amino which may have 1 to 3 substituents selected 
from C,_ 6 alkyl, C 6 . 14 aryl and 5- to 1 0-membered aromatic group and which may further have carboxy or C^. Q alkoxy- 
carbonyl; or, 

(ii) C-|_ 6 alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, C 6 _ 14 aryl-carbonyl or C 7 . 16 aralkyl-carbonyl which may have 1 to 3 
10 substituents selected from (1) halogen atom, (2) C,_ 6 alkyl, (3) C^_ 6 alkoxy, (4) hydroxy, (5) amino, (6) mono-C,_ 6 
alkylamino, (7) di-C-|_ 6 alkylamino and (8) carboxy; 

X is an oxygen atom; 

Y is an oxygen atom; 

the Ring C 3 is a benzene ring which may have 1 to 3 substituents selected from a halogen atom, optionally 
15 halogenated C-|_ 6 alkyl. optionally halogenated Ci_ 6 alkoxy, amino, mono-C-,. 6 alkylamino and di-C-,_ 6 alkylamino. 

[0130] In a more preferred compound, each of R 1 and R 2 is a C|_ 6 alkyl group which may have 1 to 3 substituents 
selected from C 6 . 14 aryl, C,_ 6 alkoxy, C|_ 6 alkylthio, hydroxy, amino, mono-C^g alkylamino, mono-C 6 _ 14 aryl amino, 
di-C|_ 6 alkylamino, di-C 6 . 14 arylamino, carboxy, C|_ 6 alkylsulfonyl, C 6 . 14 arylsulfonyl, C|_ 6 alkylsulfinyl and C 6 . 14 aryl- 
sulfinyl, or 

20 Ri and R 2 are taken together with the adjacent carbon atom to form a piperidine which may have 1 to 3 substituents 

selected from C^_ 6 alkyl, C 6 . 14 aryl and C 7 . 16 aralkyl; 

R 3 is phenyl which may have 1 to 3 substituents selected from C-,_ 6 alkyl, C^g alkoxy, amino, mono-C-|_ 6 alkylamino 
and di-C|_ 6 alkylamino; 

R 4 is (i) C,_ 6 alkyl having a phenyl or pyridyl which may have 1 to 3 substituents selected from a halogen atom, 
25 C-|_ 6 alkyl, C^.q alkoxy, hydroxy : amino, mono-C^g alkylamino, di-C^g alkylamino and carboxy, or, 

(ii) acyl represented by Formula: -(C=0)-R 5 ' wherein R 5 ' is phenyl or phenyl-Ci_ 6 alkyl which may have 1 to 3 
substituents selected from a halogen atom, C-,_ 6 alkyl, C-|_ 6 alkoxy, hydroxy, amino, mono-C-|_ 6 alkylamino, di-C-,_ 6 
alkylamino and carboxy; 
X is an oxygen atom; 
30 Y is an oxygen atom; 

the Ring C 3 is a benzene ring which may have 1 to 3 substituents selected from a halogen atom, optionally 
halogenated C-|_ 6 alkyl, optionally halogenated C^g alkoxy, amino, mono-C^g alkylamino and di-C-,_ 6 alkylamino. 
[0131] One also preferred is a compound represented by Formula: 

35 




40 

wherein each of R 1 and R 2 is C-i.g alkyl which may have 6-membered saturated cyclic amino substituted by phenyl, or 
R 1 and R 2 are taken together with the adjacent carbon atom to form a pyperidine substituted by C,_ 6 alkyl or C 7 . 16 aralkyl; 
45 R3 i s (j) a hydrogen atom, or, 

(ii) phenyl which may have 1 to 3 substituents selected from (1) C,_ 6 alkyl, (2) di-C,_g alkylamino and (3) 6-membered 
saturated cyclic amino which may have C|_ 6 alkyl; 

R 4c is (i) phenyl which may have 1 to 3 substituents selected from nitro and C^_ 6 alkyl-carboxamide, 

(ii) C|_g alkyl or C 2 . 6 alkenyl having 1 to 3 phenyl, quinolyl or pyridyl which may have 1 to 3 substituents selected from 
50 c 1 . 6 alkoxy, C-|_g alkylthio, C^g alkoxy-carbonyl, C-|.g alkylsulfonyl and C-|.g alkylsulfinyl and optionally further having 

phenyl, carboxy orC-,_ 6 alkoxy-carbonyl as additional substituents, or, 

(iii) acyl represented by Formula: -(C=0)-R 5 " wherein R 5 " is C 1 . 6 alkoxy-substituted phenyl; and, 

the Ring C is a benzene ring which may further have 1 to 3 C-|.g alkyl (especially, a benzene ring substituted by 3 C-,_ 6 
alkyl groups such as methyl). 

55 [0132] Examples of a Compound (Ic) are preferably the compounds produced in the Example 1c to 33c described 
below, among those preferred are: 

3-(4-isopropylphenyl)-5-(4-methoxybenzyloxy)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran, 3-(4-methylphe- 
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nyl)-2,4,6,7-tetramethylbenzofuran-5-yl 4-methoxybenzoate, 
3-(4-isopropylphenyl)-2,4,6,7-tetramethylbenzofuran-5-yl 4-methoxybenzoate ; 
3-(4-isopropylphenyl)-5-(4-methoxybenzyloxy)-2 ) 4,6,7-tetramethylbenzofuran ! 

3-(4-isopropylphenyl)-5-(4-methoxybenzyloxy)-1 \4,6,7-tetramethylspiro[benzofuran-2(3H) ; 4'-piperidine], 
5 3-(4-isopropylphenyl)-5-(3-pyridylmethyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran and their salts. 

[0133] Among those listed above, the preferred compounds are: 

3-(4-isopropylphenyl)-5-(4-methoxybenzyloxy)-2 ) 2 ) 4,6 I 7-pentamethyl-2 ) 3-dihydrobenzofuran ; 3-(4-methylphe- 
10 nyl)-2,4,6,7-tetramethylbenzofuran-5-yl 4-methoxybenzoate, 

3-(4-isopropylphenyl)-2,4,6,7-tetramehylbenzofuran-5-yl 4-methoxybenzoate, 
3-(4-isopropylphenyl)-5-(4-methoxybenzyloxy)-2,4,6,7-tetramethylbenzofuran ; 

3-(4-isopropylphenyl)-5-(4-methoxybenzyloxy)-1',4,6,7-tetramethylspiro[benzofuran-2(3H) l 4 , -piperidine] and their 
salts. 

15 

[0134] A salt of a compound described above having an acidic group such as -COOH may for example be a metal 
salt, ammonium salt and a salt with an organic base, while one having a basic group such as -NH 2 may for example 
be a salt with an inorganic acid, organic acid, basic or acidic amino acid and the like as well as an intramolecular salts. 
A preferred metal salt may for example be an alkaline metal salt such as sodium and potassium salts; an alkaline earth 

20 metal salt such as calcium salt, magnesium salt and barium salt; as well as aluminum salt. A preferred salt with an 
organic base may for example be a salt with trimethylamine, triethylamine, pyridine, picoline, ethanolamine, dieth- 
anolamine, triethanolamine, dicyclohexylamine or N,N'-dibenzylethylenediamine. A preferred salt with an inorganic 
acid may for example be a salt with hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid and 
the like. A preferred salt with an organic acid may for example be a salt with formic acid, acetic acid, trifluoroacetic 

25 acid, fumaric acid, oxalic acid, tartaric acid, maleic acid, citric acid, succinic acid, malic acid, methanesulfonic acid, 
benzenesulfonic acid, p-toluenesulfonic acid and the like. A preferred salt with a basic amino acid may for example be 
a salt with arginine, lysine or ornithine. A preferred salt with acidic amino acid may for example be a salt with aspartic 
acid or glutamic acid. 

[01 35] Among those listed above, pharmaceutically acceptable salts are preferred. For example, a compound having 
30 an acidic functional group therein is presented as an inorganic salt such as an alkaline metal salt (e.g., sodium salt, 
potassium salt), alkaline earth metal salt (e.g., calcium salt, magnesium salt, barium salt) as well as ammonium salt, 
while one having a basic functional group therein is presented as an inorganic salt such as hydrochloride, sulfate, 
phosphate and hydrobromide or an organic salt such as acetate, maleate, fumarate, succinate, methanesulfonate, p- 
toluenesulfonate, citrate, tartarate and the like. 
35 [0136] A Compound (I) (including Compound (la), (lb) and (lc)) can be produced by a method known perse, such 
as those described for example in W098/55454, WO00/36262, WO95/29907, JP-A-5-1 94466, USP4,881 ,967, 
USP4,21 2,865 and Tetrahedron Letters, Vol.37, No.51 , page 9183-9186 (1996) or analogous methods. 
[0137] A prodrug of a Compound (I) may be a compound which is converted into a Compound (I) by a reaction with 
an enzyme or gastric acid or the like under an in vivo physiological condition, that is a compound undergoing an 
40 enzymatic oxidation, reduction or hydrolysis to form the Compound (I) and a compound being hydrolyzed by gastric 
acid or the like to form the Compound (I). 

[0138] A prodrug for a Compound (I) may for example be a compound obtained by subjecting an amino group of the 
Compound (I) to acylation, alkylation or phosphorylation (e.g., a compound obtained by subjecting an amino group of 
the Compound (I) to eicosanoylation, alanylation, pentylaminocarbonylation, (5-methyl-2-oxo-1 ,3-dioxolen-4-yl)meth- 

45 oxycarbonylation, tetrahydrofuranylation, pyrrolidylmethylation, pivaloyloxymethylation and tert-butylation); a com- 
pound obtained by subjecting a hydroxyl group of the Compound (I) to acylation, alkylation, phosphorylation orboration 
(e.g., a compound obtained by subjecting a hydroxyl group of the Compound (I) to acetylation, palmitoylation, pro- 
panoylation, pivaloylation, succinylation, fumarylation, alanylation, ordimethylaminomethylcarbonylation); acompound 
obtained by subjecting a carboxyl group of a compound, which is obtained by esterifying or amidating the carboxyl 

50 group of the Compound (I), to ethylesterification, phenylesterification, carboxymethylesterification, dimethylaminoes- 
terification, pivaloyloxymethylesterification, ethoxycarbonyloxyethylesterification, phthalidylesterification, (5-methyl- 
2-oxo-1 ,3-dioxolen-4-yl)methylesterification, cyclohexyloxycarbonylethylesterification and methylamidation) and the 
like. Any of these compounds can be produced from a Compound (I) by a method known per se. 
[0139] A prodrug for a Compound (I) may also be one which is converted into the Compound (I) under a physiological 

55 condition, such as those described in "IYAKUHIN no KAIHATSU (Development of Pharmaceuticals)", Vol.7, Design of 
Molecules, p. 163-198, Published by HIROKAWA SHOTEN (1990). 

[0140] A Compound (I) or a salt or prodrug thereof (hereinafter sometimes just referred to as Compound (I)) has 
excellent pharmaceutical effects such as neural stem cell autoreplication-promoting effect, neural progenitor cell dif- 
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ferentiation-promoting effect, neurotrophic factor-like effect, neurotrophic factor activity-enhancing effect, neurodegen- 
eration inhibiting effect, neuroregeneration promoting effect, antioxidative effect or p-amyloid-induced neuronal death 
inhibiting effect, and has a low toxicity and reduced side effects, thus exhibiting a pharmaceutical usefulness. 
[0141] A Compound (I) can be given to a mammal (e.g., mouse, rat, hamster, rabbit, cat, dog, cattle, sheep, monkey ; 

5 human and the like) as an agent for promoting the proliferation of a stem cell (e.g., embryonic stem cell, neural stem 
cell), an agent for promoting the differentiation of a neural progenitor cell, or a neurotrophic factor-like substance, a 
neurotrophic factor activity-enhancing agent and a neurodegeneration inhibitor, whereby inhibiting neuronal death and 
promoting the regeneration of a neural tissue or function via neural neogenesis and neuroaxonal development. It is 
useful also in preparing a neural stem cell or neurocyte (including neural progenitor cell) to be transplanted from a 

10 brain tissue of a fetus or patient and embryonic stem cell, and it also promotes the engraftment or differentiation of the 
neural stem cell or neurocyte after transplantation as well as the functional expression thereof. 

[0142] Accordingly, an agent for promoting the proliferation and/or differentiation of a stem cell and/or neural pro- 
genitor cell comprising a Compound (I) is effective, for example, against neurodegenerative disease (e.g., Alzheimer's 
disease, Perkinson's disease, amyotropic lateral sclerosis (ALS), Huntington's disease, spinocerebeller degeneration 
15 and the like), psychoneural disease (e.g., schizophrenia), cranial trauma, spinal damage, cerebrovascular disorder, 
cerebrovascular dementia and the like, and can be used as a prophylactic and therapeutic agent against these central 
nervous system diseases. 

[01 43] A Compound (I) has a low toxicity, and can be safely given as it is or as a pharmaceutical composition prepared 
by mixing with a pharmaceutically acceptable carrier according to a method known per se, for example a tablet (in- 
20 eluding a sugar-coated tablet, film-coated tablet, buccal disintegration tablet and the like), powder, granule, capsule 
(including soft capsule), liquid, injection, suppository, sustained release formulation, plaster and the like, orally or 
parenterally (e.g., topically, rectally, intravenously). 

[0144] The amount of a Compound (I) in a pharmaceutical composition of the present invention is about 0.01 to 
about 1 00% by weight based on the entire composition. 
25 [0145] The dose may vary depending on the subject to be treated, the administration route and the disease to be 
treated. For example, a compound of the present invention as an active ingredient may be given orally to an adult with 
Alzheimer's disease at about 0.1 to about 20 mg/kg body weight, preferably about 0.2 to about 1 0 mg/kg body weight, 
more preferably about 0.5 to about 1 0 mg/kg body weight, which can be given at a divided dose once to several times 
a day. 

30 [0146] In addition, a compound of the present invention may be used in combination with other active ingredients 
[e.g., chorine esterase inhibitor (e.g., Aricept (donepezil) and the like), p-secretase inhibitor, |3-amyloid production and 
sedimentation inhibitor, cerebral function activator (e.g., Idebenone, Vinpocetine), Perkinson's disease agent (e.g., L- 
dopa, Deprenyl, Bromocriptine, Talipexole, Pramipexole, Amantadine), amyotropic lateral sclerosis agent (e.g., rilu- 
zole), neurotrophic factor and the like]. Such other active ingredients and a compound of the present invention or a 

35 salt thereof may be mixed by a method known per se to be formulated into a single pharmaceutical composition (e.g., 
tablet, powder, granule, capsule (including a soft capsule), liquid, injection, suppository, sustained release formulation, 
and the like), or they may be formulated individually and given simultaneously or sequentially to the identical subject. 
In addition, a pharmaceutical composition of the present invention may be used in combination with an immunossu- 
pressing agent or the like on transplantation or after transplantation of a neural stem cell or neural progenitor cell 

40 prepared from an embryonic stem cell and neural tissue. 

[0147] A pharmacologically acceptable carrier employed in the production of a pharmaceutical composition of the 
present invention may be any of various organic and inorganic carriers customarily employed as a pharmaceutical 
material, such as an excipient, lubricant, binder and disintegrant for a solid dosage form; a solvent, solubilizer, sus- 
pending agent, isotonizing agent, buffering agent and soothing agent for a liquid dosage form. A conventional additive 

45 such as a preservative, antioxidant, colorant, sweetener, adsorbent, wetting agent and the like may also be employed 
if necessary. 

[0148] An excipient may for example be lactose, sugar, D-mannitol, starch, corn starch, crystalline cellulose, light 
anhydrous silicic acid and the like. 

[0149] A lubricant may for example be magnesium stearate, calcium stearate, talc, colloidal silica and the like. 
so [0150] A binder may for example be crystalline cellulose, sugar, D-mannitol, dextrin, hydroxypropyl cellulose, hy- 
droxypropylmethyl cellulose, polyvinylpyrrolidone, starch, sucrose, gelatin, methyl cellulose, sodium carboxymethyl 
cellulose and the like. 

[0151] A disintegrant may for example be starch, carboxymethyl cellulose, calcium carboxymethyl cellulose, sodium 
croscarmellose, sodium carboxymethyl starch, L-hydroxypropyl cellulose and the like. 
55 [0152] A solvent may for example be a water for injection, alcohol, propylene glycol, macrogol, sesame oil, corn oil, 
olive oil and the like. 

[01 53] A solubilizing agent may for example be a polyethylene glycol, propylene glycol, D-mannitol, benzyl benzoate, 
ethanol, tris-aminomethane, cholesterol, triethanolamine, sodium carbonate, sodium citrate and the like. 
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[0154] A suspending agent may for example be a surfactant such as stearyltriethanolamine, sodium laurylsulfate, 
laurylaminopropionic acid, lecithin, benzalkonium chloride, benzethonium chloride, glycerin monostearate and the like; 
a hydrophilic polymersuch as polyvinylalcohol, polyvinylpyrrolidone, sodium carboxymethyl cellulose, methyl cellulose, 
hydroxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose and the like. 
5 [0155] An isotonizing agent may for example be glucose, D-sorbitol, sodium chloride, glycerin, D-mannitol and the 
like. 

[01 56] A buffering agent may for example be a buffer solution of a phosphate, acetate, carbonate, citrate and the like. 
[0157] A soothing agent may for example be benzyl alcohol and the like. 

[0158] A preservative may for example be p-hydroxybenzoates, chlorobutanol, benzyl alcohol, phenethyl alcohol, 
10 dehydroacetic acid, sorbic acid and the like. 

[0159] An antioxidant may for example be a sulfite, ascorbic acid, a-tocopherol and the like. 

[0160] The present invention is further illustrated in detail by the following Reference Examples, Examples, Formu- 
lation Examples, and Experimental Examples, but these examples are merely examples, which are not intended to 
limit the present invention and may be varied without departing from the scope of the present invention. 
15 [0161] "Room temperature" in the following Reference Examples and Examples usually indicates about 10°C to 
about 35°C. Unless otherwise stated, % indicates the percent by weight. 
[01 62] Other symbols used in the present specification indicate the following meanings. 

s: singlet 
20 d: doublet 

dd: doublet of doublets 

dt: doublet of triplets 

t: triplet 

q: quartet 
25 septet: septet 

m: multiplet 

br: broad 

J: coupling constant 
Hz: hertz 

30 CDCI 3 : deuterated chloroform 

DMSO-d 6 : deuterated dimethyl sulfoxide 
1 H-NMR: proton nuclear magnetic resonance 

[Compounds (la)] 

35 

Reference Example 1a 

Ethyl 3-(4-isopropylphenyl)-2-methyl-2-propenoate 

40 [0163] To a suspension of sodium hydride (a 60% dispersion in liquid paraffin, 5.92 g, 148 mmol) in N,N-dimethyl- 
formamide (150 ml) was added at 0°C triethyl 2-phosphonopropionate (35.0 g, 148 mmol) and the resulting mixture 
was stirred at the same temperature for 10 minutes. To the reaction solution was added 4-isopropylbenzaldehyde (20.0 
g, 135 mmol) and the resulting mixture was stirred at room temperature for 30 minutes. Water was added into the 
reaction solution and the product was extracted twice with ethyl acetate. The combined extracts were washed with 

45 water, dried on magnesium sulfate, and then concentrated under reduced pressure to obtain 30.1 g (96% yield) of the 
oily title compound. 

1 H-NMR (CDCI 3 ) S: 1 .26 (6H, d, J = 7.0 Hz), 1.35 (3H, t, J = 7.0 Hz), 2.13 (3H, s), 2.92 (1H, septet, J = 7.0 Hz), 
4.27 (2H ; q, J = 7.0 Hz), 7.21-7.38 (4H, m), 7.67 (1 H, s). 

50 Reference Example 2a 

Ethyl 2-methyl-3-(4-methylphenyl)-2-propenoate 

[0164] To a suspension of sodium hydride (a 60% dispersion in liquid paraffin, 15.0 g, 375 mmol) in N,N-dimethyl- 
55 formamide (160 ml) was added at 0°C a solution of triethyl 2-phosphonopropionate (87.7 g, 368 mmol) in N,N-dimeth- 
ylformamide (1 0 ml) and the resulting mixture was stirred at the same temperature for 1 hour. To the reaction solution 
was added 4-methylbenzaldehyde (43.3 g, 361 mmol) and the resulting mixture was stirred at room temperature for 1 
hour. Water was added into the reaction solution and the product was extracted twice with ethyl acetate. The combined 
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extracts were washed with water, dried on magnesium sulfate, and then concentrated under reduced pressure to obtain 
66.7 g (91% yield) of the oily title compound. 

1 H-NMR (CDCI 3 ) 5: 1.34 (3H, t, J = 7.0 Hz), 2.12 (3H, d. J = 1 .4 Hz), 2.37 (3H, s), 4.26 (2H, q, J = 7.0 Hz), 7.19 
(2H, d, J = 8.4 Hz), 7.31 (2H, d, J = 8.4 Hz), 7.66 (1 H, s). 

5 

Reference Example 3a 

Ethyl 3-(4-fluorophenyl)-2-methyl-2-propenoate 

10 [0165] By using 4-fluorobenzaldehyde, the title compound was synthesized according to Reference Example 1a. 
Yield: 97%. An oily substance. 

1 H-NMR (CDCI 3 )8: 1.35 (3H, t, J = 7.0 Hz), 2.10 (3H, d, J= 1.2 Hz), 4.28 (2H, q, J = 7.0 Hz), 7.08 (2H, t, J = 8.8 
Hz), 7.32-7.43 (2H, m), 7.65 (1H, s). 

15 Reference Example 4a 

Ethyl (E)-3-(4-isopropylphenyl)-2-propenoate 

[0166] To a suspension of sodium hydride (a 60% dispersion in liquid paraffin, 10.4 g, 260 mmol) in N,N-dimethyl- 
20 formamide (200 ml) was added at 0°C triethyl 2-phosphonoacetate (58.2 g, 236 mmol) and the resulting mixture was 
stirred at the same temperature for 1 0 minutes. To the reaction solution was added 4-isopropylbenzaldehyde (35.0 g. 
260 mmol) and the resulting mixture was stirred at room temperature for 30 minutes. Water was added into the reaction 
solution and the product was extracted twice with ethyl acetate. The combined extracts were washed with water, dried 
on magnesium sulfate, and then concentrated under reduced pressure to obtain 47.5 g (92% yield) of the oily title 
25 compound. 

1 H-NMR (CDCI3) 5: 1.25 (6H, d, J = 7.0 Hz), 1.33 (3H, t, J = 7.0 Hz), 2.92 (1H, septet, J = 7.0 Hz), 4.26 (2H, q, 
J = 7.0 Hz), 6.40 (1 H, d, J = 15.8 Hz), 7.24 (2H, d, J = 8.2 Hz), 7.46 (2H : d, J = 8.2 Hz), 7.67 (1 H, d, J = 15.8 Hz). 

Reference Example 5a 

30 

Ethyl (E)-3-(4-fluorophenyl)-2-propenoate 

[0167] By using 4-fluorobenzaldehyde, the title compound was synthesized according to Reference Example 4a. 
Yield: 88%. An oily substance. 

35 1 H-NMR (CDCI3) 5: 1.34 (3H, t, J - 7.0 Hz), 4.26 (2H, q, J - 7.0 Hz), 6.31 (1H, d, J = 15.8 Hz), 7.00-7.11 (2H, 

m), 7.43-7.58 (2H, m), 7.67 (1H, d, J = 15.8 Hz). 

Reference Example 6a 

40 3-(4-lsopropylphenyl)-2-methyl-2-propen-1 -ol 

[0168] To a suspension of ethyl 3-(4-isopropylphenyl)-2-methyl-2-propenoate (9.00 g, 38.7 mmol) and cerium chlo- 
ride (1.00 g, 4.06 mmol) in tetrahydrofuran (50 ml) was added lithium aluminum hydride (1.47 g, 38.7 mmol) in four 
portions at -40°C over a period of 30 minutes and the resulting mixture was stirred at the same temperature for 30 

45 minutes. Water was added into the reaction solution and the product was extracted twice with ethyl acetate. The com- 
bined extracts were washed with water, dried on magnesium sulfate, and then concentrated under reduced pressure. 
The residue was subjected to column chromatography on silica gel (hexane-ethyl acetate 8 : 1) to obtain 6.30 g (86% 
yield) of the oily title compound. 

1 H-NMR (CDCI3) S: 1.25 (6H, d, J = 7.0 Hz), 1.91 (3H, d, J = 1 .4 Hz), 2.90 (1H, septet, J = 7.0 Hz), 4.17 (2H, d, 

50 J = 0.8 Hz), 6.49 (1H, dd, J = 2.6, 1.4 Hz), 7.15-7.25 (4H, m), 1H unidentified. 

Reference Example 7a 
2-Methyl-3-(4-methylphenyl)-2-propen-1 -ol 

55 

[0169] To a suspension of ethyl 2-methyl-3-(4-methylphenyl)-2-propenoate (26.31 g, 128.8 mmol) and cerium chlo- 
ride (1 0.32 g, 41 .89 mmol) in tetrahydrofuran (1 20 ml) was added lithium aluminum hydride (4.89 g, 1 29 mmol) in four 
portions at -40°C over a period of 30 minutes and the resulting mixture was stirred at the same temperature for 30 
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minutes. Water was added into the reaction solution and the product was extracted twice with ethyl acetate. The com- 
bined extracts were washed with water, dried on magnesium sulfate, and then concentrated under reduced pressure 
to obtain 8.87 g (42% yield) of the oily title compound. 

1 H-NMR (CDCI 3 ) 8: 1.87 (3H, s), 2.32 (3H, s), 4.13 (2H,s), 6.46 (1H, s), 7.08-7.22 (4H, m), 1H unidentified. 

5 

Reference Example 8a 

3-(4-Fluorophenyl)-2-methyl-2-propen-1 -ol 

10 [0170] By using ethyl 3-(4-fluorophenyl)-2-methyl-2-propenoate, the title compound was synthesized according to 
Reference Example 6a. Yield: 95%. An oily substance. 

1 H-NMR (CDCI3) 8: 1.98 (3H, d, J = 1.6 Hz), 4.11 (2H, s), 6.58 (1H, s), 7.01 (2H, t, J = 8.8 Hz), 7.18-7.28 (2H, 
m), 1H unidentified. 

15 Reference Example 9a 

(E)-3-(4-lsopropylphenyl)-2-propen-l-ol 

[01 71 ] By using ethyl (E)-3-(4-isopropylphenyl)-2-propenoate, the title compound was synthesized according to Ref- 
20 erence Example 6a. Yield: 65%. An oily substance. 

1 H-NMR (CDCI3) 6: 1.24 (6H, d, J = 7.0 Hz), 2.79-3.00 (2H, m), 4.30 (2H, d, J = 5.6 Hz), 6.35 (1H, dt, J = 15.8, 
5.6 Hz), 6.59 (1H, d, J = 15.8 Hz), 7.10-7.39 (4H, m). 

Reference Example 10a 

25 

(E)-3-(4-Fluorophenyl)-2-propen-1-ol 

[0172] By using ethyl (E)-3-(4-fluorophenyl)-2-propenoate, the title compound was synthesized according to Refer- 
ence Example 6a. Yield: 84%. An oily substance. 
30 1 H-NMR (CDCI3) 8: 4.31 (2H, d, J = 5.6 Hz), 6.28 (1H, dt, J = 15.8, 5.6 Hz), 6.59 (1 H ; d, J = 15.8 Hz), 6.90-7.40 

(4H, m), 1H unidentified. 

Reference Example 11a 

35 1 -(3-Bromo-2-methyl-1 -propenyl)-4-isopropylbenzene 

[0173] To a solution of 3-(4-isopropylphenyl)-2-methyl-2-propen-1 -ol (6.30 g, 33.1 mmol) in isopropyl ether (50 ml) 
was added phosphorus tribromide (5.98 g, 22.1 mmol) under ice cooling and the resulting mixture was stirred at room 
temperature for 30 minutes. Water was added into the reaction solution and the product was extracted with isopropyl 
40 ether. The organic layer was washed with water and an aqueous saturated solution of sodium hydrogen carbonate, 
dried on magnesium sulfate, filtered, and then concentrated under reduced pressure to obtain 7.63 g (91% yield) of 
the oily title compound. 

1 H-NMR (CDCI3) 8: 1.25 (6H, d, J = 7.0 Hz), 2.03 (3H, d, J = 1.4 Hz), 2.90 (1H, septet, J = 7.0 Hz), 4.15 (2H, d, 
J = 0.8 Hz), 6,62 (1 H, s), 7.14-7.26 (4H, m). 

45 

Reference Example 12a 

1 -(3-Bromo-2-methyl-1 -propenyl)benzene 

50 [0174] By using 2-methyl-3-phenyl-2-propen-1 -ol, the title compound was synthesized according to Reference Ex- 
ample 11a. Yield: 89%. An oily substance. 

1 H-NMR (CDCI3) 8: 2.01 (3H, d, J = 1.4 Hz), 4.13 (2H, d, J = 0.8 Hz), 6.64 (1H, s), 7.19-7.44 (5H, m). 

Reference Example 13a 

55 

1 -(3-Bromo-2-methyl-1 -propenyl)-4-methylbenzene 

[01 75] To a solution of 2-methyl-3-(4-methylphenyl)-2-propen-1 -ol (11 .40 g, 70.27 mmol) in isopropyl ether (1 00 ml) 
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was added phosphorus tribromide (12.83 g, 47.38 mmol) under ice cooling and the resulting mixture was stirred at 
room temperature for 30 minutes. Water was added into the reaction solution and the product was extracted with 
isopropyl ether. The organic layer was washed with water and an aqueous saturated solution of sodium hydrogen 
carbonate, dried on magnesium sulfate, filtered, and then concentrated under reduced pressure to obtain 12.71 g (80% 
5 yield) of the oily title compound. 

1H-NMR (CDCI 3 ) S: 2.01 (3H, s), 2.34 (3H, s), 4.13(2H, s), 6,60 (1H, s), 7.09-7.22 (4H, m). 

Reference Example 14a 

10 1 -(3-Bromo-2-methyl-1 -propenyl)-4-fluorobenzene 

[01 76] By using 3-(4-f luorophenyl)-2-methyl-2-propen-1 -ol, the title compound was synthesized according to Refer- 
ence Example 11a. Yield: 79%. An oily substance. 

1 H-NMR (CDCI 3 )6: 1.87 (3H, s), 4.17 (2H, s), 6.48 (1H, s), 7.01 (2H, t, J - 8.8 Hz), 7.18-7.27 (2H, m). 

15 

Reference Example 15a 

1 -[(E)-3-Bromo-1 -propenyl]-4-isopropylbenzene 

20 [0177] By using (E)-3-(4-isopropylphenyl)-2-propen-1 -ol, the title compound was synthesized according to Reference 
Example 11a. Yield: 72%. An oily substance. 

1 H-NMR (CDCI3) 5: 1.24 (6H, d, J = 7.0 Hz), 2.89 (1H, septet, J = 7.0 Hz), 4.16 (2H, dd, J = 7.8, 0.8 Hz), 6.35 
(1H, dt, J = 15.4, 7.8 Hz), 6.63 (1H, d, J = 15.4 Hz), 7.14-7.35 (4H, m). 

25 Reference Example 16a 

1 -[(E)-3-Bromo-1 -propenyl]-4-f luorobenzene 

[0178] By using (E)-3-(4-fluorophenyl)-2-propen-1 -ol, the title compound was synthesized according to Reference 
30 Example 11a. Yield: 61%. An oily substance. 

1 H-NMR (CDCI3) 6: 4.15 (2H, d, J = 7.6 Hz), 6.30 (1H, dt, J = 15.4, 7.6 Hz), 6.61 (1H ; d, J = 15.4 Hz), 6.83-7.08 
(2H, m), 7.31-7.45 (2H, m). 

Reference Example 17a 

35 

N- [4-[[3-(4-lsopropylphenyl)-2-methyl-2-propenyl]oxy]-2,3,6-trimethylphenyl]formamide 

[0179] To asolution of N-(4-hydroxy-2,3,6-trimethylphenyl)formamide (3.00 g, 1 6.7 mmol) in N,N-dimethylformamide 
(30 ml) was added sodium hydride (a 60% dispersion in liquid paraffin, 0.74 g, 18.4 mmol) at 0°C under a nitrogen 

40 atmosphere and the resulting mixture was stirred at the same temperature for 1 0 minutes. To the reaction solution was 
added 1 -(3-bromo-2-methyl-1 -propenyl)-4-isopropylbenzene (4.66 g, 1 8.4 mmol) and the resulting mixture was stirred 
at room temperature for 30 minutes. Water was added into the reaction solution and the product was extracted twice 
with ethyl acetate. The combined extracts were washed with water, dried on magnesium sulfate, and then concentrated 
under reduced pressure. The resulting residue was crystallized from ethyl acetate-hexane to obtain 3.70 g (63% yield) 

45 of the title compound. Melting point: 1 53-1 55°C. 

1 H-NMR (CDCI3) 5: 1 .26 (6H, d, J = 7.0 Hz), 2.00 (3H, s), 2.07-2.34 (9H, m), 2.91 (1 H, septet, J = 7.0 Hz), 4.54 
(2H, d, J = 5.4 Hz), 6.59-6.84 (3H, m), 7.17-7.36 (4H, m), 7.98 (0.5H, d, J = 12.0 Hz), 8.41 (0.5H, s). 

Reference Example 18a 

50 

N-[2,3,6-Trimethyl-4-[(2-methyl-3-phenyl-2-propenyl)oxy]phenyl]formamide 

[0180] By using N-(4-hydroxy-2,3,6-trimethylphenyl)formamide and 1 -(3-bromo-2-methyl-1 -propenyl)benzene, the 
title compound was synthesized according to Reference Example 17a. Yield: 41%. Melting point: 152-154°C. (Ethyl 
55 acetate-hexane) 

1 H-NMR(CDCI 3 )6: 1.98 (3H, d, J - 1 .6 Hz), 2.10-2.32 (9H, m), 4.54 (2H, d, J = 5.2 Hz), 6.65 (1H, s), 6.67 (1 H, 
s), 6.69-6.90 (1H, m), 7.11-7.41 (5H, m), 7.98 (0.5H, d, J = 12.0 Hz), 8.41 (0.5H, d, J = 1 .4 Hz). 
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Reference Example 19a 

N-[2,3,6-Trimethyl-4-[[2-methyl-3-(4-methylpheny 

5 [0181] To asolution of N-(4-hydroxy-2,3,6-trimethylphenyl)formarnicle (9.31 g, 52.0 mmol) in N, N - d i m et hy If orm amide 
(120 ml) was added sodium hydride (a 60% dispersion in liquid paraffin, 2.11 g, 52.8 mmol) at 0°C under a nitrogen 
atmosphere and the resulting mixture was stirred at the same temperature for 10 minutes. To the reaction solution was 
added a solution of 1 -(3-bromo-2-methyl-1 -propenyl)-4-methylbenzene (12.48 g, 55.44 mmol) in N,N-dimethylforma- 
mide (20 ml) and the resulting mixture was stirred at room temperature for 30 minutes. Water was added into the 

10 reaction solution and the product was extracted twice with ethyl acetate. The combined extracts were washed with 
water, dried on magnesium sulfate, and then concentrated under reduced pressure. The resulting residue was crys- 
tallized from ethyl acetate-isopropyl ether to obtain 7.34 g (44% yield) of the title compound. Melting point: 1 67-1 69°C. 

1 H-NMR (CDCI 3 ) 5: 1 .98 (3H, s), 2.07-2.38 (9H, m), 2.35 (3H, s), 4.53 (2H, d, J = 6.6 Hz), 6.61 (1 H, s), 6.66 (1 H, 
d, J - 2.4 Hz), 6.82-7.09 (1H, m), 7.11-7.31 (4H, m), 7.98 (0.5H, d, J - 12.2 Hz), 8.38 (0.5H, s). 

15 

Reference Example 20a 

N-[4-[[3-(4-Fluorophenyl)-2-methyl-2-propenyl]oxy]-2,3,6-trimethylphenyl]formamide 

20 [0182] By using N-(4-hydroxy-2,3,6-trimethylphenyl)formamide and 1 -(3-bromo-2-methyl-1-propenyl)-4-fluoroben- 
zene, the title compound was synthesized according to Reference Example 1 7a. Yield: 52%. Melting point: 1 64-1 65°C. 
(Ethyl acetate-hexane) 

1H-NMR (CDCI 3 )8: 1.96 (3H,s), 2.12-2.32 (9H, m), 4.53 (2H, d, J = 5.2 Hz), 6.60 (1 H, s), 6.66 (1H, s), 6.71-6.95 
(1H, m), 7.04 (2H, t, J = 8.8 Hz), 7.22-7.33 (2H, m), 8.04 (0.5H, d, J = 12.0 Hz), 8.40 (0.5H, d, J = 1 .4 Hz). 

25 

Reference Example 21a 

N-[4-[[(E)-3-(4-lsopropylphenyl)-2-propenyl]oxy]-2,3,6-trimethylphenyl]formamide 

30 [0183] By using N-(4-hydroxy-2,3,6-trimethylphenyl)formamide and 1 -[(E)-3-bromo-1 -propenyl]-4-isopropylben- 
zene, the title compound was synthesized according to Reference Example 1 7a. Yield: 59%. Melting point: 1 65-1 67°C. 
(Ethyl acetate-hexane) 

1 H-NMR (CDCI3) 5: 1 .25 (6H, d, J = 6.8 Hz), 2.13-2.27 (9H, m), 2.90 (1 H, septet, J = 6.8 Hz), 4.66 (2H, t, J = 5.8 
Hz), 6.37 (1H, dt, J = 15.8, 5.8 Hz), 6.65-6.88 (3H, m), 7.16-7.26 (2H, m), 7.35 (2H, d, J = 8.0 Hz), 7.98 (0.5H, d, J = 
35 12.0 Hz), 8.40 (0.5H, d, J - 1 .4 Hz). 

Reference Example 22a 

N-[2,3,6-Trimethyl-4-[[(E)-3-phenyl-2-propenyl]oxy]-phenyl]formamide 

40 

[0184] By using N-(4-hydroxy-2.3,6-trimethylphenyl)formamide and cinnamyl chloride, the title compound was syn- 
thesized according to Reference Example 17a. Yield: 44%. Melting point: 197-199°C. (Ethyl acetate-hexane) 

1 H-NMR (CDCI3) S: 2.05-2.18 (9H, m), 4.62-4.72 (2H, m), 6.35-6.50 (1H, m), 6.62-7.00 (3H, m), 7.24-7.52 (5H, 
m), 8.00 (0.5H, d, J = 12.0 Hz), 8.39 (0.5H, d, J = 1 .6 Hz). 

45 

Reference Example 23a 

N-[4-[[(E)-3-(4-Fluorophenyl)-2-propenyl]oxy]-2,3,6-trimethylphenyl]formamide 

50 [0185] By using N-(4-hydroxy-2,3,6-trimethylphenyl)formamide and 1 -[(E)-3-bromo-1 -propenyl]-4-fluorobenzene, 
the title compound was synthesized according to Reference Example 17a. Yield: 52%. Melting point: 196-1 98°C. (Ethyl 
acetate-hexane) 

1 H-NMR (CDCI 3 )5: 2.10-2.32 (9H, m), 4.67 (2H, t, J - 5.0 Hz), 6.37(1 H, dt, J - 15.6, 5.0 Hz), 6.59-6.89 (3H, m), 
6.92-7.09 (2H, m), 7.32-7.43 (2H, m), 7.99 (0.5H, d, J = 12.0 Hz), 8.42 (0.5H, d, J = 1 .4 Hz). 
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Reference Example 24a 

N-[4-Hydroxy-3-[1 -(4-isopropylphenyl)-2-propenyl]-2,5,6-trimethylphenyl]formanriide 

5 [0186] A solution of N-[4-[[(E)-3-(4-isopropylphenyl)-2-propenyl]oxy]-2,3,64rimethylphenyl]formamide (5.80 g, 17.2 
mmol) in N,N-dimethylaniline (50 ml) was stirred at 215°Cfor6 hours under an argon atmosphere. The reaction mixture 
was cooled down, then diluted with ethyl acetate ; washed with 2 N hydrochloric acid and water, dried on magnesium 
sulfate, and then concentrated under reduced pressure. The residue was crystallized from ethyl acetate to obtain 3.50 
g (60% yield) of the title compound. Melting point: 170-1 71 °C. 

10 1 H-NMR (CDCIg) 6: 1.18-1.40 (6H, m), 2.11-2.27 (9H, m), 2.77-3.00 (1H, m), 5.00-5.22 (2H, m), 5.30-5.42 (1H, 

m), 6.30-6.85 (2H, m), 7.10-7.37 (5H, m), 7.97 (0.5H, d, J - 12.2 Hz), 8.43 (0.5H, d, J - 1 .4 Hz). 

Reference Example 25a 

15 N-[4-Hydroxy-3-(1 -phenyl-2-propenyl)-2,5.6-trimethylphenyl]formamide 

[0187] By using N-[2,3,6-trimethyl-4-[[(E)-3-phenyl-2-propenyl]oxy]phenyl]formamide, the title compound was syn- 
thesized according to Reference Example 24a. Yield; 78%. Melting point: 144-145°C. (Ethyl acetate) 

1 H-NMR (CDCI 3 ) 5: 2.08-2.27 (9H, m), 5.02-5.41 (3H, m), 6.32-6.52 (1H, m), 6.61-7.03 (2H, m), 7.18-7.42 (5H, 
20 m), 7.95 (0.5H, d, J = 12.0 Hz), 8.42 (0.5H, d, J = 1 .8 Hz). 

Reference Example 26a 

N-[4-Hydroxy-3-[1 -(4-fluorophenyl)-2-propenyl]-2,5,6-trimethylphenyl]formamide 

25 

[0188] By using N-[4-[[(E)-3-(4-fluorophenyl)-2-propenyl]oxy]-2,3,6-trimethylphenyl]formamide, the title compound 
was synthesized according to Reference Example 24a. Yield: 66%. Melting point: 168-170°C. (Ethyl acetate) 

1 H-NMR (CDCI3) 5: 2.10-2.29 (9H, m), 5.02-5.22 (1.5H, m), 5.33-5.50 (1.5H, m), 6.35-6.55 (1H, m), 6.72-7.08 
(4H, m), 7.18-7.30 (2H, m), 7.96 (0.5H, d, J = 12.2 Hz), 8.42 (0.5H, d, J = 1.4 Hz). 

30 

Reference Example 27a 

3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine 

35 [0189] A solution of N-[4-[[3-(4-isopropylphenyl)-2-methyl-2-propenyl]oxy]-2,3,6-trimethylphenyl]formamide (3.70 g ; 
10.5 mmol) in N,N-dimethylaniline (20 ml) was stirred at 215°C for 6 hours under an argon atmosphere. The reaction 
mixture was cooled down, then diluted with ethyl acetate, washed with 2 N hydrochloric acid and water, dried on 
magnesium sulfate, and then concentrated under reduced pressure to obtain N-[4-hydroxy-3-[1-(4-isopropylphenyl)- 
2-methyl-2-propenyl]-2,5,6-trimethylphenyl]formamide as a crude product. A mixture of this compound (2.98 g, 8.47 

40 mmol), concentrated hydrochloric acid (20 ml) and methanol (60 ml) was refluxed with heating for 2 hours under a 
nitrogen atmosphere. The solvent was concentrated under reduced pressure and the resulting residue was neutralized 
with an 8 N aqueous solution of sodium hydroxide. The product was extracted twice with ethyl acetate. The combined 
extracts were washed with water, dried on magnesium sulfate, and then concentrated under reduced pressure. The 
resulting residue was crystallized from isopropyl ether-hexane to obtain 2.23 g (66% yield) of the title compound. 

45 Melting point: 1 30-1 32°C. 

1 H-NMR (CDCI3) 5: 1.00 (3H, s), 1.21 (6H, d, J = 6.6 Hz), 1.47 (3H, s), 1.78 (3H, s), 2.12 (3H, s), 2.19 (3H, s), 
2.40-2.60 (3H, m), 4.08 (1H, s), 6.72-7.00 (2H, m), 7.07 (2H, d, J = 8.0 Hz). 

Reference Example 28a 

50 

2,2,4,6,7-Pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-amine 

[01 90] By using N-[2,3,6-trimethyl-4-[(2-methyl-3-phenyl-2-propenyl)oxy]phenyl]formamide, the title compound was 
synthesized according to Reference Example 27a. Yield: 67%. Melting point: 129-1 31 °C. 
55 1 H-NMR (CDCI3) 8: 1.00 (3H, s), 1.48 (3H, s), 1.77(3H, s), 2.13 (3H, s), 2.19 (3H, s), 3.20 (2H, brs), 4.12 (1 H, 

s), 6.70-7.30 (5H, m). 
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Reference Example 29a 

2,2,4,6,7-Pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-^ 

5 [0191] A solution of N-[2,3,64rimethyl-4-[[2-methyl-3-(4-methylphenyl)-2-propenyl]oxy]phenyl]formamide (5.43 g. 
16.8 mmol) in N,N-dimethylaniline (60 ml) was stirred at 210°C for 6 hours under an argon atmosphere. The reaction 
mixture was cooled down, then diluted with ethyl acetate, washed with 2 N hydrochloric acid and water, dried on 
magnesium sulfate, and then concentrated under reduced pressure. A mixture of the resulting residue and a hydro- 
chloric acid-methanol reagent (40 ml) was refluxed with heating for 2 hours under a nitrogen atmosphere. The solvent 

10 was concentrated under reduced pressure and the resulting residue was neutralized with an 8 N aqueous solution of 
sodium hydroxide. The product was extracted twice with ethyl acetate. The combined extracts were washed with water, 
dried on magnesium sulfate, and then concentrated under reduced pressure. The resulting residue was crystallized 
from hexaneto obtain 2.81 g (57% yield) of the title compound. Melting point: 114-115°C. (Petroleum ether) 

1 H-NMR (CDCI 3 )6: 0.99 (3H, s), 1.47 (3H, s), 1.77 (3H, s), 2.12 (3H, s), 2.19 (3H, s), 2.30 (3H, s), 3.23 (2H, br 

15 S ), 4.08 (1 H, s), 6.60-7.23 (4H, m). 

Reference Example 30a 

3-(4-Fluorophenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine 

20 

[0192] By using N-[4-[[3-(4-fluorophenyl)-2-methyl-2-propenyl]oxy]-2,3,6-trimethylphenyl]formamide, the title com- 
pound was synthesized according to Reference Example 27a. Yield: 78%. Melting point: 1 25-1 27°C. (Petroleum ether) 
1 H-NMR (CDCI 3 ) 5: 0.99 (3H, s), 1.47 (3H, s), 1.77(3H, s), 2.12 (3H, s), 2.19 (3H, s), 3.10 (2H, brs), 4.09 (1H, 
s), 6.62-7.20 (4H, m). 

25 

Reference Example 31a 

3-(4-lsopropylphenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine hydrochloride 

30 [01 93] To a suspension of N-[4-hydroxy-3-[1 -(4-isopropylphenyl)-2-propenyl]-2,5,6-trimethylphenyl]formamide (3.50 
g, 1 0.4 mmol) and calcium carbonate (1 .35 g, 13.5 mmol) in a mixed solvent of tetrahydrofuran (15 ml) and methanol 
(1 5 ml) was gradually added benzyltrimethylammonium iododichloride (3.90 g, 11.4 mmol). The reaction mixture was 
stirred at room temperature for 30 minutes. After filtration of the insoluble material . the solvent was concentrated under 
reduced pressure. Ethyl acetate and water were added to the residue. The organic layer was separated and the aqueous 

35 layer was extracted twice with ethyl acetate. The combined organic layers were successively washed with a 10% 
aqueous solution of sodium hydrosulfite, water, an aqueous saturated solution of sodium hydrogen carbonate, and an 
aqueous saturated solution of sodium chloride, dried on magnesium sulfate, and then concentrated under reduced 
pressure to obtain 4.08 g of N-[2-iodomethyl-3-(4-isopropylphenyl)-4,6,7-trimethyl-2,3- dihydro-1 -benzofuran-5-yl]for- 
mamide. A solution of this compound (4.08 g, 8.81 mmol) and 1 ,8-diazabicyclo[5,4,0]-7-undecene (6.58 m, 44.0 mmol) 

40 in toluene (30 ml) was stirred at 100°C for 3 hours under an argon atmosphere. Water was added into the reaction 
solution and the product was extracted twice with ethyl acetate. The combined extracts were washed with 2 N hydro- 
chloric acid and water, dried on magnesium sulfate, and then concentrated under reduced pressure. The resulting 
residue was subjected to column chromatography on silica gel (hexane-ethyl acetate 20 : 1) to obtain 2.40 g of 
N-[3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-yl]formamide. A mixture of this compound (2.40 g, 7.18 

45 mmol), concentrated hydrochloric acid (20 ml) and methanol (60 ml) was refluxed with heating for 2 hours under a 
nitrogen atmosphere. The solvent was concentrated under reduced pressure and the resulting residue was neutralized 
with an 8 N aqueous solution of sodium hydroxide. The product was extracted twice with ethyl acetate. The combined 
extracts were washed with water, dried on magnesium sulfate, and then concentrated under reduced pressure to obtain 
1.80 g of an oily free base. This free base (0.50 g, 1 .63 mmol) was dissolved into a solution of hydrochloric acid in 

50 methanol and the solvent was concentrated under reduced pressure. The resulting residue was crystallized from meth- 
anol to obtain 0.41 g (41% yield) of the title compound. Melting point: 194-197°C. 

1 H-NMR (CDCI3) S: 1.29 (6H, d, J = 7.0 Hz), 2.30 (6H, s), 2.41 (3H, s), 2.60 (3H, s), 2.94 (1H, septet, J = 7.0 
Hz), 7.13-7.26 (4H, m), 10.1 (2H, brs), 1H unidentified. 

55 
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Reference Example 32a 

2,4,6,7-Tetramethyl-3-phenyl-1 -benzofuran-5-amine hydrochloride 

5 [0194] By using N-[4-hydroxy-3-(1 -phenyl-2-propenyl)-2,5,6-trimethylphenyl]formamide, the title compound was 
synthesized according to Reference Example 31a. Yield: 26%. Melting point: 189-192°C. (Ethanol-hexane) 

1 H-NMR (CDCI 3 ) 6: 2.30 (6H, s), 2.42 (3H, s), 2.60(3H, s), 7.21-7.37 (5H, m), 10.2 (2H, brs), 1H unidentified. 

Reference Example 33a 

10 

3-(4-Fluorophenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine hydrochloride 

[01 95] By using N-[4-hydroxy-3-[1 -(4-fluorophenyl)-2-propenyl]-2,5,6-trimethylphenyl]formamide, the title compound 
was synthesized according to Reference Example 31a. Yield: 87%. Melting point: 208-21 0°C. (Ethanol) 
15 1 H-NMR (CDCI3) 5: 2.29 (6H, s), 2.42 (3H, s), 2.60(3H, s), 7.03-7.28 (4H, m), 10.2 (2H, brs), 1H unidentified. 

Reference Example 34a 

5,6-Dichloro-2-(2 ) 2 ) 4,6,7-pentamethyl-3-phenyl-2,3-dihydro-1-benzofuran-5-yl)-1H-isoindole-1 ,3(2H)-dione 

20 

[0196] To a solution of 2,2,4,6,7-pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-amine (1 .00 g, 3.56 mmol) in tet- 
rahydrofuran (30 ml) was added 4,5-dichlorophthalic anhydride (850.6 mg, 3.92 mmol) under an argon atmosphere 
and the mixture was refluxed with heating for 13 hours. The reaction mixture was cooled down to room temperature 
and then 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide (WSC) hydrochloride (760.0 mg, 3.96 mmol) and 1 -hydroxy- 
's 1 H-benzotriazole (HOBT) monohydrate (602.6 mg, 3.93 mmol) were added to the mixture. The resulting mixture was 
refluxed with heating for 3 hours and then cooled down to room temperature. Water and an 8 N aqueous solution of 
sodium hydroxide were added into the reaction mixture and the product was extracted twice with ethyl acetate. The 
combined extracts were washed with an aqueous saturated solution of sodium hydrogen carbonate, dried on magne- 
sium sulfate, filtered, and then concentrated under reduced pressure. The residue was crystallized from ethyl acetate 
30 to obtain 1 .16 g (68% yield) of the title compound. Melting point: 178-181°C. 

1 H-NMR (CDCI3) 6: 1.02 (3H, s), 1 .56 (3H, s), 1.61 (3H, s), 2.01 (3H, s), 2.20 (3H, s), 4.21 (1H, s), 6.8-7.4 (5H, 
m), 7.99 (1H, s), 8.03 (1H, s). 

Reference Example 35a 

35 

2- [2,2,4,6 ! 7-Pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]-1 H-isoindole-1 ,3(2H)-dione 

[0197] To a solution of phthalic anhydride (566.4 mg, 3.82 mmol) in tetrahydrofuran (5 ml) was added a solution of 
2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-amine (987.3 mg, 3.38 mmol) in tetrahydro- 

40 f uran(1 0 ml) and the resulting mixture was refluxed with heating for 1 1 hours. The reaction mixture was cooled down 
to room temperature and then concentrated under reduced pressure. Sodium acetate (31 4.6 mg, 3.84 mmol) and acetic 
anhydride (20 ml) were added into the residue and the resulting mixture was stirred at 90°C for 2 hours. The reaction 
mixture was cooled down to room temperature and then an 8 N aqueous solution of sodium hydroxide was added into 
the mixture until it became basic. The product was extracted twice with ethyl acetate. The combined extracts were 

45 washed with an aqueous saturated solution of sodium hydrogen carbonate, dried on magnesium sulfate, filtered, and 
then concentrated under reduced pressure. The residue was crystallized from ethyl acetate to obtain 1 .1 6 g (81% yield) 
of the title compound. Melting point: 222-224°C. 

1 H-NMR(CDCI 3 ) 6: 1.03 (3H, s), 1.55 (3H, s), 1.64 (3H, s) : 2.05 (3H, s), 2.20 (3H, s) ; 2.30 (3H, s), 4.19 (1H, s), 
6.6-7.1 (4H, m), 7.76-7.82 (2H, m), 7.88-7.97 (2H, m). 

50 

Reference Example 36a 

5,6-Dichloro-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]-1 H-isoindole-1 ,3(2H)-dione 

55 [0198] By using 2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine, the title compound 
was synthesized according to Reference Example 34a. Yield: 62%. Melting point: 157-159°C. (Ethyl acetate) 

1 H-NMR(CDCI 3 )5: 1.02 (3H, s), 1.54 (3H, s), 1.61 (3H, s) ; 2.01 (3H, s), 2.19 (3H, s) ; 2.30 (3H, s), 4.18 (1H, s), 
6.8-7.1 (4H, m), 7.99 (1H ; s), 8.03 (1H, s). 
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Reference Example 37a 

2-[3-(4-Fluorophenyl)-2,2 ! 4,67-pentamethyl-2,3-dihydro-1-benzofuran-5-yl]-1 H-isoindole-1 ,3(2H)-dione 

5 [0199] By using 3-(4-fluorophenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine, the title compound 
was synthesized according to Reference Example 35a. Yield: 72%. Melting point: 209-21 1°C. (Ethyl acetate) 

1 H-NMR (CDCIg) 8: 1.02 (3H, s), 1.55 (3H, s), 1.61 (3H, s), 2.05 (3H, s), 2.20 (3H, s), 4.21 (1H, s), 6.9-7.1 (4H, 
m), 7.76-7.83 (2H, m), 7.90-7.97 (2H, m). 

10 Reference Example 38a 

5,6-Dichloro-2-[3-(4-fluorophenyl)-2,2,4 ! 6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-1 H-isoindole-1 ,3(2H)-dione 

[0200] By using 3-(4-fluorophenyl)-2 ) 2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine, the title compound 
15 was synthesized according to Reference Example 34a. Yield: 62%. Melting point: 232-233°C. (Ethyl acetate) 

1 H-NMR (CDCI 3 ) 5: 1.02 (3H, s), 1 .54 (3H, s), 1.61 (3H, s), 2.01 (3H, s), 2.19 (3H, s), 4.19 (1H, s), 6.8-7.1 (4H, 
m), 8.00 (1H, s), 8.03 (1H, s). 

Reference Example 39a 

20 

2-[3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl]-1 H-isoindole-1 ,3(2H)-dione 

[0201 ] By using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzof uran-5-amine, the title compound 
was synthesized according to Reference Example 35a. Yield: 97%. Melting point: 180-1 81 °C. (Ethyl acetate-hexane) 
25 1 H-NMR (CDCI3) 5: 1 .02 (3H, s), 1 .21 (6H, d, J = 7.0 Hz), 1 .55 (3H, s), 1 .64 (3H, s), 2.05 (3H, s), 2.20 (3H, s), 

2.85 (1 H, septet, J = 7.0 Hz), 4.20 (1H, s), 6.7-7.2 (4H, m), 7.75-7.82 (2H, m), 7.87-7.97 (2H, m). 

Reference Example 40a 

30 5,6-Dichloro-2-[3-(4-isopropylphenyl)-2 ; 2,4,6,7-pentamethyl-2,3-dihydro-1 -benzof uran-5-yl]-1 H-isoindole-1 ,3(2H)- 
dione 

[0202] By using 3-(4-isopropylphenyl)-2,2,4,6 ! 7-pentamethyl-2 ; 3-dihydro-1 -benzofuran-5-amine, the title compound 
was synthesized according to Reference Example 34a. Yield: 31%. Melting point: 237-239°C. (Ethyl acetate) 
35 1 H-NMR (CDCI3) 8: 1.01 (3H, s), 1.21 (6H, d, J = 6.6 Hz), 1.54 (3H, s), 1.62 (3H, s), 2.01 (3H, s), 2.19 (3H, s), 

2.85 (1H, septet, J = 6.6 Hz), 4.18 (1H, s), 6.8-7.2 (4H, m) ! 7.99 (1H, s), 8.03 (1H, s). 

Reference Example 41a 

40 2-[3-(4-lsopropylphenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-yl]-1 H-isoindole-1 ,3(2H)-dione 

[0203] By using 3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine. the title compound was synthe- 
sized according to Reference Example 35a. Yield: 71%. Melting point: 232-234°C. (Ethyl acetate-hexane) 

1 H-NMR (CDCI3) 5: 1 .27 (6H, d, J = 7.0 Hz), 1 .85 (3H, s), 2.14 (3H, s), 2.33 (3H, s), 2.48 (3H, s), 2.94 (1 H, septet, 
45 J = 7.0 Hz), 7.24 (4H, m), 7.72-7.83 (2H, m), 7.90-8.03 (2H, m). 

Reference Example 42a 

2-[2 ! 2,4,6,7-Pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-1 H-isoindole-1 ,3(2H)-dione 

50 

[0204] By using 2 ; 2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine, the title compound was synthesized ac- 
cording to Reference Example 34a. Yield: 77%. Melting point: 166-168°C. (Methanol) 

1 H-NMR (CDCI3) 5: 1 .49 (6H, s), 1 .95 (3H, s), 1 .99 (3H, s), 2.12 (3H, s), 2.97 (2H, s), 7.66-7.83 (2H, m), 7.91 -8.01 
(2H, m). 

55 
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Reference Example 43a 
4-Methoxy-2,3,6-trimethylaniline 

5 [0205] N-(4-Hydroxy-2,3,6-trimethylphenyl)formamide (30.0 g, 167 mmol) was dissolved into a mixed solvent of a 4 
N aqueous solution of potassium hydroxide (100 ml) and methanol (300 ml) and dimethyl sulfate (42.0 g, 334 mmol) 
was added to the resulting solution at room temperature. The resulting mixture was refluxed with heating for 14 hours. 
Afterthe reaction solution was cooled down, the crystals precipitated were collected by filtration to obtain N-(4-methoxy- 
2,3,6-trimethylphenyl)formamide as a crude product. To a suspension of this compound in methanol (200 ml) was 

10 added concentrated hydrochloric acid (50 ml) and the resulting mixture was refluxed with heating for 3 hours. The 
reaction mixture was cooled down and neutralized with an 8 N aqueous solution of sodium hydroxide. The product 
was extracted twice with ethyl acetate. The combined extracts were washed with a 10% aqueous solution of sodium 
hydrosulfite, dried on magnesium sulfate, and then concentrated under reduced pressure. The residue was crystallized 
from isopropyl ether to obtain 21 .0 g (yield 76%) of the title compound. Melting point: 70-72°C. 

15 1 H-NMR (CDCIg) 5: 2.11 (3H, s), 2.16 (3H, s), 2.18 (3H, s), 3.16 (1H, brs), 3.74 (3H, s), 6.54 (1H, s). 

Reference Example 44a 

Tert-butyl 4-methoxy-2,3,6-trimethylphenylcarbamate 

20 

[0206] To a solution of 4-methoxy-2,3,6-trimethylaniline (21.0 g, 127 mmol) and triethylamine (21 .0 ml, 152 mmol) 
in tetrahydrofuran (1 50 ml) was added di-tert-butyl dicarbonate (32 ml, 1 40 mmol) at room temperature and the resulting 
mixture was refluxed with heating for 14 hours. The solvent was concentrated under reduced pressure. Water was 
added into the residue and the product was extracted twice with ethyl acetate. The combined organic layers were 
25 washed with 1 N hydrochloric acid and an aqueous saturated solution of sodium hydrogen carbonate, dried on mag- 
nesium sulfate, filtered, and then concentrated under reduced pressure. The residue was crystallized from ethyl ace- 
tate-hexane to obtain 25.2 g (75% yield) of the title compound. Melting point: 1 04-1 06°C. 

1 H-NMR (CDCI 3 ) 8: 1 .50 (9H, s), 2.12 (3H, s), 2.1 7 (3H, s), 2.24 (3H, s), 3.78 (3H, s), 5.81 (1 H, brs), 6.58 (1 H, s). 

30 Reference Example 45a 

Tert-butyl 3-bromo-4-methoxy-2,5,6-trimethylphenylcarbamate 

[0207] To a solution of tert-butyl 4-methoxy-2,3,6-trimethylphenylcarbamate (12.7 g, 47.9 mmol) and sodium acetate 
35 (4.72 g, 57.5 mg) in acetic acid (50 ml) was added bromine (8.42 g, 52.7 mmol) at room temperature and the resulting 
mixture was stirred at the same temperature for 1 hour. Water (80 ml) was added into the reaction mixture and then 
the crystals precipitated were collected by filtration and dissolved into ethyl acetate. This solution was washed with an 
aqueous saturated solution of sodium hydrogen carbonate and water, dried on magnesium sulfate, filtered, and then 
concentrated under reduced pressure. The residue was crystallized from methanol to obtain 15.0 g (91% yield) of the 
40 title compound. Melting point: 159-161°C. 

1 H-NMR (CDCI3) 8: 1.50 (9H, s), 2.15 (3H, s), 2.24 (3H, s), 2.35 (3H, s), 3.74 (3H, s), 5.92 (1H, brs). 

Reference Example 46a 

45 2,2,4,6,7-Pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-amine 

[0208] To a solution of tert-butyl 3-bromo-4-methoxy-2,5,6-trimethylphenylcarbamate (27.8 g, 80.8 mmol) in tetrahy- 
drofuran (150 ml) was added n-butyllithium (1.6 M, 110 ml, 176 mmol) at -78°C and the reaction mixture was stirred 
at the same temperature for 20 minutes. To the reaction solution was added 2-methyl-1 -(4-methylphenyl)propan-1 -one 

50 (13.1 g, 80.7 mmol) and the resulting mixture was stirred at room temperature for 1 hour. Water (150 ml) was added 
into the reaction mixture and the product was extracted three times with ethyl acetate. The combined organic layers 
were washed with water, dried on magnesium sulfate, filtered, and then concentrated under reduced pressure to obtain 
26.0 g of tert-butyl 3-[1 -hydroxy-2-methyl-1 -(4-methylphenyl)propyl]-4-methoxy-2,5.6-trimethylphenylcarbamate as a 
crude product. A mixture of this compound and 47% hydrobromic acid (100 ml) was refluxed with heating for 4 hours 

55 under an argon atmosphere. The reaction mixture was cooled down to room temperature and neutralized with an 8 N 
aqueous solution of sodium hydroxide. The product was extracted twice with ethyl acetate. The combined extracts 
were washed with an aqueous saturated solution of sodium hydrogen carbonate, dried on magnesium sulfate, filtered, 
and then concentrated under reduced pressure. The residue was crystallized from isopropyl ether-hexane to obtain 
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14.8 g (62% yield) of the title compound. Melting point: 114-115°C. 

1 H-NMR (CDCI 3 ) 8: 0.99 (3H, s), 1.47 (3H, s), 1.78 (3H, s), 2.12 (3H, s), 2.17 (3H, s), 2.30 (3H, s), 2.80 (2H, br 
s), 4.08 (1H, s), 6.60-7.10 (4H, m). 

5 Reference Example 47a 

(+)-2,2,4,6,7-Pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine 

[0209] 2,2,4,6, 7-Pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine was subjected to high perform- 
10 ance liquid chromatography (instrument: Waters semi-preparative separation system, column: CHIRALCEL OD (20 (i, 
d) x 250 mm) manufactured by Daicel Chemical Industries, LTD.), mobile phase: hexane : isopropyl alcohol = 95 : 5. 
flow rate: 5 ml/min, column temperature: 30°C, sample injection amount: 40 mg) to preparatively separate a fraction 
with a shorter retention time as the title compound. Melting point: 87-89°C. [oc]D = +4.7° (c = 0.495, methanol) 

15 Reference Example 48a 

(-)-2,2,4,6,7-Pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-amine 

[0210] 2,2,4,6,7-Pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine was subjected to high perform- 
20 ance liquid chromatography (instrument: Waters semi-preparative separation system, column: CHIRALCEL OD (20 (i, 
d) x 250 mm) manufactured by Daicel Chemical Industries, LTD.), mobile phase: hexane : isopropyl alcohol = 95 : 5. 
flow rate: 5 ml/min, column temperature: 30°C, sample injection amount: 40 mg) to preparatively separate a fraction 
with a longer retention time as the title compound. Melting point: 88-90°C. [a]D = -4.3° (c = 0.499, methanol) 

25 Example 1a 

2-(2,2,4,6,7-Pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-yl)isoindoline 

[0211] A mixture of 2,2,4,6,7-pentamethyl-3-phenyl-2,3-dihydro-1-benzofuran-5-amine (1 .00 g, 3.55 mmol), 1 ,2-bis 
30 (bromomethyl)benzene (1 .03 g, 3.91 mmol), potassium carbonate (540 mg, 3.91 mmol) and N, N-dimethylformamide 
(20 ml) was stirred at room temperature for 1 hour. Water was added into the reaction mixture and the product was 
extracted twice with ethyl acetate. The combined organic layers were washed with water, dried on magnesium sulfate, 
filtered, and then concentrated under reduced pressure. The residue was subjected to column chromatography on 
silica gel (hexane-ethyl acetate 10 : 1) to obtain 208 mg (15% yield) of the title compound. Melting point: 164-166°C. 
35 (Ethyl acetate-hexane) 

1 H-NMR(CDCI 3 )8: 1 .02 (3H, s), 1.52 (3H, s), 1.76 (3H, s), 2.18 (3H, s),4.13 (1H, s), 4.52 (4H, s), 6.70-7.41 (9H, 

m). 

Example 2a 

40 

5,6-Dichloro-2-(2,2,4,6,7-pentamethyl-3-phenyl-2,3-dihydro-1-benzofuran-5-yl)isoindoline 

[0212] To a solution of aluminum chloride (1 .01 g, 7.59 mmol) in tetrahydrofuran (30 ml) was added lithium aluminum 
hydride (276.5 mg, 7.29 mmol) and the resulting mixture was stirred for 1 0 minutes. To this mixture was added a solution 

45 of 5,6-dichloro-2-[2,2,4,6 ; 7-pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-yl]-1 H-isoindole-1 ,3(2H)-dione (907.4 
mg, 1 .89 mmol) in tetrahydrofuran (1 0 ml) and the resulting mixture was refluxed with heating for 2 hours. The reaction 
mixture was cooled down to room temperature and water was added into the mixture. The product was extracted twice 
with ethyl acetate. The combined extracts were washed with an aqueous saturated solution of sodium hydrogen car- 
bonate, dried on magnesium sulfate, filtered, and then concentrated under reduced pressure. The residue was crys- 

50 tallized from ethyl acetate-hexane to obtain 153 mg (18% yield) of the title compound. Melting point: 194-196°C. 

1 H-NMR(CDCI 3 )8: 1.02 (3H, s), 1.52 (3H, s), 1 .74 (3H, s), 2.1 6 (6H, s), 4.1 2 (1 H, s), 4.45 (4H,s), 6.8-7.4 (7H, m). 

Example 3a 

55 5,6-Dimethoxy-2-(2,2,4,6,7-pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-yl)isoindoline 

[0213] To a solution of 2,2,4,6,7-pentamethyl-3-phenyl-2,3-dihydro-1-benzofuran-5-amine (1 .00 g, 3.56 mmol) in tet- 
rahydrofuran (30 ml) were added 1 ,2-bis(chloromethyl)-4,5-dimethoxybenzene (889.1 mg, 3.78 mmol), sodium car- 
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bonate (1.15 g, 10.85 mmol), and tetrabuty I ammonium iodide (701.4 mg, 1.90 mmol) and the mixture was refluxed 
with heating for 21 hours. The reaction mixture was cooled down to room temperature and then poured into ice water. 
The product was extracted twice with ethyl acetate. The combined extracts were washed with an aqueous saturated 
solution of sodium hydrogen carbonate, dried on magnesium sulfate, filtered, and then concentrated under reduced 
5 pressure. The residue was subjected to column chromatography on silica gel to obtain 403 mg (26% yield) of the title 
compound. Melting point: 154-157°C. (Ethyl acetate) 

1 H-NMR (CDCI 3 ) 6: 1.02 (3H, s), 1 .53 (3H, s), 1.76 (3H, s) ; 2.18 (6H, s), 3.87 (6H, s) ; 4.13 (1H, s), 4.46 (4H, s), 
6.7-7.4 (7H, m). 

10 Example 4a 

2-[2,2,4,6 ! 7-Pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]isoindoline 

[0214] By using 2-[2 ; 2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]-1 H-isoindole-1 ,3(2H)- 
15 dione, the title compound was synthesized according to Example 2a. Yield: 46%. Melting point: 141-143°C. (Hexane) 
1 H-NMR(CDCI 3 )S: 1 .02 (3H, s), 1.51 (3H, s), 1. 77 (3H, s), 2. 1 7-2.1 8 (6H, s), 2.31 (3H, s), 4.10 (1H, s), 4.52 (4H, 
s), 6.8-7.1 (7H, m), 7.24 (4H, s). 

Example 5a 

20 

5,6-Dichloro-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]isoindoline 

[0215] By using 5,6-dichloro-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2 : 3-dihydro-1 -benzofuran-5-yl]-1 H-isoin- 
dole-1 ,3(2H)-dione, the title compound was synthesized according to Example 2a. Yield: 25%. Melting point: 
25 201-203°C. 

1 H-NMR (CDCI3) 6: 1 .01 (3H, s), 1 .50 (3H, s), 1 .74 (3H, s) ; 2.1 6 (6H, s), 2.31 (3H, s) ; 4.08 (1 H, s), 4.45 (4H, s), 
6.6-7.1 (4H, m), 7.31 (2H ; s). 

Example 6a 

30 

5.6- Dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]isoindoline 

[0216] To asolution of 2,2,4,6 ! 7-pentamethyl-3-(4-methylphenyl)-2 ; 3-dihydro-1 -benzofuran-5-amine (806.1 mg,2.76 
mmol) in tetrahydrofuran (30 ml) were added 1 ,2-bis(chloromethyl)-4,5-dimethoxybenzene (686.6 mg, 2.92 mmol), 

35 sodium carbonate (878.5 g, 8.29 mmol), and tetrabutylammonium iodide (543.6 mg, 1 .47 mmol) and the mixture was 
refluxed with heating for 11 hours. The reaction mixture was cooled down to room temperature and then poured into 
ice water. The product was extracted twice with ethyl acetate. The combined extracts were washed with an aqueous 
saturated solution of sodium hydrogen carbonate, dried on magnesium sulfate, filtered, and then concentrated under 
reduced pressure. The residue was crystallized from ethyl acetate- hexane to obtain 1 99.6 mg (1 6% yield) of the title 

40 compound. Melting point: 156-159°C. 

1 H-NMR (CDCI3) 6: 1.02 (3H, s), 1 .51 (3H, s), 1.76 (3H, s) ; 2.17 (6H, s), 2.31 (3H, s) ; 3.88 (6H, s), 4.10 (1H, s), 
4.45 (4H : s), 6.7-7.2 (6H, m). 

Example 7a 

45 

2-[3-(4-Fluorophenyl)-2,2.4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]isoindoline 

[0217] By using 2-[3-(4-fluorophenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-1 H-isoindole-1 ,3(2H)- 
dione, the title compound was synthesized according to Example 2a. Yield: 55%. Melting point: 204-205°C. (Ethyl 
50 acetate) 

1 H-NMR (CDCI3) 5: 1.02 (3H, s), 1 .51 (3H, s), 1.76 (3H, s), 2.17 (3H, s), 2.18 (3H, s), 4.11 (1H, s), 4.52 (4H, s), 

6.7- 7.1 (4H, m), 7.25 (4H ; s). 

Example 8a 

55 

5,6-Dichloro-2-[3-(4-fluorophenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]isoindoline 

[0218] By using 5,6-dichloro-2-[3-(4-fluorophenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-1 H-isoin- 
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dole-1 ,3(2H)-dione, the title compound was synthesized according to Example 2a. Yield: 25%. Melting point: 
233-238°C. (Ethyl acetate) 

1 H-NMR (CDCI 3 ) 5: 1 .01 (3H, s), 1 .50 (3H, s), 1 .60 (3H, s), 1 .74 (3H, s), 2.15 (3H, s), 4.09 (1 H, s), 4.45 (4H, s), 
6.8-7.1 (4H, m), 7.32 (2H, s). 

5 

Example 9a 

2-[3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]isoindoline 

10 [0219] By using 2-[3-(4-isopropylphenyl)-2,2,4,6 J 7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-1 H-isoindole-1 ,3 
(2H)-dione, the title compound was synthesized according to Example 2a. Yield: 57%. Melting point: 113-114°C. (Hex- 
ane) 

1 H-NMR (CDCI3) 5: 1.00 (3H, s), 1.22 (6H, d, J = 7.0 Hz), 1.51 (3H, s), 1.77 (3H, s), 2.17 (3H, s), 2.18 (3H, s), 
2.86 (1H, septet, J = 7.0 Hz), 4.11 (1H, s), 4.53 (4H, s), 6.7-7.2 (4H, m), 7.24 (4H, s). 

15 

Example 10a 

5,6-Dichloro-2-[3-(4-isopropylphenyl)-2 ! 2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl]isoindoline 

20 [0220] By using 5,6-dichloro-2-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-1 H-iso- 
indole-1 ,3(2H)-dione, the title compound was synthesized according to Example 2a. Yield: 16%. Melting point: 
148-150°C. (Hexane) 

1H-NMR (CDCI3) 8: 1.01-1 .06 (3H, s), 1.22 (6H, d, J = 7.0 Hz), 1 .50-1.54 (3H, m), 1.74-1.78 (3H, m), 2.16-2.20 
(6H, m), 2.86 (1H, septet, J = 7.0 Hz), 4.09-4.13 (1H, m), 4.46 (4H, s), 6.7-8.0 (6H, m). 

25 

Example 11a 

5,6-Dimethoxy-2-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]isoindoline 

30 [0221 ] By using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzof uran-5-amine, the title compound 
was synthesized according to Example 3a. Yield: 68%. Melting point: 153-155°C. (Isopropyl ether-hexane) 

1 H-NMR (CDCI3) 6: 1.01-1.05 (3H, s), 1.22 (6H, d, J - 7.0 Hz), 1.48-1.55 (3H, m), 1.77-1.83 (3H, m), 2.17-2.19 
(6H, m), 2.86 (1H, septet, J = 7.0 Hz), 3.87-3.91 (7H, m), 4.10-4.14 (1H, m), 4.48 (3H, s), 6.77 (2H, s), 6.8-7.0 (2H, 
m), 7.07-7.11 (2H, m). 

35 

Example 12a 

6-[3-(4-lsopropylphenyl)-2, 2,4, 6,7-pentamethyl-2,3-dihydro-1 -benzof uran-5-yl]-6,7-dihydro-5H-[1 ,3]dioxolo[4,5-f] 
isoindole 

40 

[0222] To a solution of 3-(4-isopropylphenyl)-2, 2,4,6, 7-pentamethyl-2, 3-dihydro-1 -benzofuran-5-amine (835.5 mg, 
2.58 mmol) in tetrahydrofuran (20 ml) were added 5,6-bis(chloromethyl)-1 ,3-benzodioxazole (574.5 mg, 2.62 mmol), 
sodium carbonate (832.8 mg, 7.88 mmol) and tetrabutylammonium iodide (481 .6 mg, 1 .30 mmol) and the mixture was 
refluxed with heating for 23 hours. The reaction mixture was cooled down to room temperature and then poured into 

45 ice water. The product was extracted twice with ethyl acetate. The combined extracts were washed with an aqueous 
saturated solution of sodium hydrogen carbonate, dried on magnesium sulfate, filtered, and then concentrated under 
reduced pressure. The residue was crystallized from isopropyl ether to obtain 395.0 mg (33% yield) of the title com- 
pound. Melting point: 175-177°C. 

1 H-NMR(CDCI 3 )8: 1.00 (3H, s), 1.22 (6H, d, J = 7.0 Hz), 1.50 (3H,s), 1 .76 (3H, s), 2.17 (6H,s), 2.86 (1H, septet, 

50 J = 7.0 Hz), 4.10 (1H, s), 4.42 (4H, s), 5.94 (2H, s), 6.89 (2H, s), 6.80-7.11 (4H, m). 

Example 13a 

2-[3-(4-lsopropylphenyl)-2,4,6,7-tetramethyl-1 -benzof uran-5-yl]isoindoline 

55 

[0223] By using 2-[3-(4-isopropylphenyl)-2,4, 6, 7-tetramethyl-1 -benzofuran-5-yl]-1 H-isoindole-1 ,3(2H)-dione, the ti- 
tle compound was synthesized according to Example 2a. Yield: 70%. Melting point: 126-129°C. (Ethanol) 

1 H-NMR(CDCI 3 )S: 1 .28 (6H, d, J - 7.0 Hz), 1.97 (3H, s), 2.27 (3H, s), 2.31 (3H, s), 2.44 (3H,s),2.95 (1H, septet, 
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J = 7.0 Hz), 4.57 (4H, s), 7.25 (8H, s). 
Example 14a 

5 6-[2,2,4,6,7-Pentamethyl-3-(4-methylphenyl)-2,3-dih^ ,3]dioxolo[4,5-f]-isoindole 

[0224] To asolution of 2,2,4, 6 ! 7-pentamethyl-3-(4-methylphenyl)-2 ) 3-dihydro-1 -benzofuran-5-amine (799.8 mg, 2.73 
mmol) in tetrahydrofuran (30 ml) were added 5,6-bis(chloromethyl)-1 ,3-benzodioxazole (603.8 mg, 2.76 mmol), sodium 
carbonate (877.8 mg, 8.28 mmol) and tetrabutylammonium iodide (506.8 mg, 1 .37 mmol) and the mixture was refluxed 

10 with heating for 23 hours. The reaction mixture was cooled down to room temperature and then poured into ice water. 
The product was extracted twice with isopropyl ether. The combined extracts were washed with an aqueous saturated 
solution of sodium chloride, dried on magnesium sulfate, filtered, and then concentrated under reduced pressure. The 
residue was subjected to column chromatography on silica gel (hexane-ethyl acetate 10 : 1)to obtain 136.8 mg (11% 
yield) of the title compound. Melting point: 236-242°C. (Ethyl acetate) 

15 1H-NMR(CDCI 3 )6: 1.06 (3H,s), 1 .47 (3H, s), 1.54 (3H,s), 1 .82 (3H, s), 2.1 9 (3H, s), 2.31 (3H, s), 4. 1 2 (1 H, s), 

5.85 (2H, s), 6.7-7.1 (8H, m). 

Example 15a 

20 2-[2,2,4,6,7-Pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]isoindoline 

[0225] By using 2-[2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-1 H-isoindole-1 ,3(2H)-dione, the title com- 
pound was synthesized according to Example 2a. Yield: 84%. Melting point: 1 61 -1 63°C. (Ethanol) 

1 H-NMR (CDCI 3 ) 5: 1.48 (6H, s), 2.08 (3H, s), 2.11 (3H, s), 2.14 (3H, s), 2.93 (2H, s), 4.56 (4H, s), 7.27 (4H, s). 

25 

Example 16a 

6-(2,2,4,6,7-Pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-yl)-6,7-dihydro-5H-[1 ,3]dioxolo[4,5-f]-isoindole 

30 [0226] To a solution of 2 J 2,4,6,7-pentamethyl-3-phenyl-2 ! 3-dihydro-1 -benzofuran-5-amine (1 .00 g, 3.56 mmol) in tet- 
rahydrofuran (30 ml) were added 5, 6-bis(chloromethyl)-1 ,3-benzodioxazole (604 mg, 2.76 mmol), sodium carbonate 
(1.17 mg, 11 .0 mmol) and tetrabutylammonium iodide (700 mg, 1 .90 mmol) and the mixture was refluxed with heating 
for 15 hours. The reaction mixture was cooled down to room temperature and then poured into ice water. The product 
was extracted twice with ethyl acetate. The combined extracts were washed with an aqueous saturated solution of 

35 sodium chloride, dried on magnesium sulfate, filtered, and then concentrated under reduced pressure. The residue 
was subjected to column chromatography on silica gel (hexane-ethyl acetate 8 : 1) to obtain 853 mg (56% yield) of the 
title compound. Melting point: 245-248°C. (Ethyl acetate) 

1 H-NMR(CDCI 3 )S: 1.01 (3H, s), 1.52 (3H, s), 1.76 (3H, s), 2.17 (6H, s), 4.12 (1H, s), 4.43 (4H, s), 5.94 (2H, s), 
6.68 (2H, s), 6.8-7.3 (5H, m). 

40 

Example 17a 

(+)-5 ) 6-Dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]isoindoline 

45 [0227] To a solution of (+)-2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine (6.00 g, 
20.3 mmol) in tetrahydrofuran (50 ml) was added under an argon atmosphere 4,5-dimethoxyphthalic anhydride (4.43 
g, 21 .3 mmol) and the mixture was refluxed with heating for 3 hours. The reaction mixture was cooled down to room 
temperature and then 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide (WSC) hydrochloride (4.67 g, 24.4 mmol) and 
1 -hydroxy-1 H-benzotriazole (HOBT) monohydrate (3.74 g, 24.4 mmol) were added tothe mixture. The resulting mixture 

50 was refluxed with heating for 1 4 hours and then cooled down to room temperature. Water and an 8 N aqueous solution 
of sodium hydroxide were added into the reaction mixture and the product was extracted twice with ethyl acetate. The 
combined extracts were washed with an aqueous saturated solution of sodium hydrogen carbonate, dried on magne- 
sium sulfate, filtered, and then concentrated under reduced pressure to obtain 8.40 g of (+)-5,6-dimethoxy- 
2-[2, 2, 4, 6, 7-pentamethyl-3-(4-methylphenyl)-2, 3-dihydro-1 -benzofuran-5-yl]-1 H-isoindole-1 ,3(2H)-dione as a crude 

55 product. To a solution of aluminum chloride (13.6 g, 1 02 mmol) in tetrahydrofuran (60 ml) was added lithium aluminum 
hydride (3.87 g, 102 mmol) and the resulting mixture was stirred for 10 minutes. To this mixture was added a solution 
of the above-described crude product in tetrahydrofuran (30 ml) and the resulting mixture was refluxed with heating 
for 3 hours. The reaction mixture was cooled down to room temperature and water was added into the mixture. The 
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product was extracted twice with ethyl acetate. The combined extracts were washed with a 1 N aqueous solution of 
sodium hydroxide, dried on magnesium sulfate, filtered, and then concentrated under reduced pressure. The residue 
was subjected to column chromatography (hexane-ethyl acetate 8 : 1) on silica gel to obtain 6.23 g (68% yield) of the 
title compound. Melting point: 157-159°C. [<x]D = +62.3° (c = 0.488, methanol) 
5 1 H-NMR (CDCI 3 ) 5: 1.02 (3H, s), 1.51 (3H, s), 1 .76 (3H, e), 2.17 (3H, s), 2.18 (3H, e), 2.31 (3H, s), 3.87 (6H, s), 

4.10 (1H ; s), 4.45 (4H, s), 6.70-7.15 (6H, m). 

Example 18a 

10 (-)-5,6-Dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]isoindoline 

[0228] By using (-)-2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine, the title com- 
pound was synthesized according to Example 1 7a. Yield: 34%. Melting point: 1 57-1 59°C. (Ethanol) [a]D = -61 .5° (c = 
0.501 , methanol) 

15 1H-NMR(CDCI 3 )6: 1.02 (3H, s), 1.51 (3H, s), 1 .76 (3H, s) : 2.1 7 (6H, s), 2.31 (3H, s) : 3.88 (6H, s), 4. 1 0 (1 H, s), 

4.45 (4K s), 6.74-7.10 (6H, m). 

Example 19a 

20 (+)-5,6-Dimethoxy-2-[2,2,4,6 ) 7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]isoindoline 
hydrochloride 

[0229] (+)-5,6-Dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]isoindoline 
(296 mg, 0.65 mmol) was dissolved in ethyl acetate (5.0 ml) and then a 4 N solution of hydrogen chloride in ethyl 

25 acetate (0.38 ml) was added into this mixture. The solvent was removed under reduced pressure and the residue was 
crystallized from a mixed solution of ethyl acetate and diethyl ether (1 : 5). The crystals were collected by filtration and 
washed with a cold mixed solution of ethyl acetate and diethyl ether (1 : 5) to obtain 291 mg (87% yield) of the titled 
compound as a crystalline product. Melting point: 1 70-1 71 °C. [a]D = +44.9° (c = 0.495, chloroform) 

1 H-NMR (CDCI3) 5: 1.05 (3H, s), 1.49 (3H, s), 2.03 (3H, br), 2.18 (3H, s), 2.32 (3H, s), 2.45 (3H, br), 3.86 (6H, 

30 S ), 4.06 (1 H, s), 4.60 (2H, br), 5.70 (2H, br) ; 6.71 (2H, s), 6.80 (2H, br), 7.07 (2H ; brd, J = 6.0 Hz). 

Example 20a 

(-)-5,6-Dimethoxy-2-[2,2,4,67-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]isoindoline 
35 hydrochloride 

[0230] By using (-)-5,6-dimethoxy-2-[2,2,4 ) 6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]iso- 
indoline, the title compound was synthesized according to Example 19a. Yield: 61%. Melting point: 173-175°C. [a]D 
= -44.4° (c = 0.501 , chloroform) 
40 1 H-NMR (CDCI3) 5: 1.05 (3H, s), 1.49 (3H, s), 2.05 (3H, br), 2.18 (3H, s), 2.31 (3H, s), 2.48 (3H, br), 3.86 (6H, 

s), 4.06 (1 H, s), 4.55 (2H, br), 5.75 (2H, br) ; 6.71 (2H, s), 6.85 (2H, br), 7.07 (2H ; brd, J = 6.0 Hz). 

Example 21a 

45 (+)-5 ! 6-Dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]isoindoline 
hydrobromide 

[0231] (+)-5,6-Dimethoxy-2-[2,2,4,6 l 7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]isoindoline 
(150 mg, 0.327 mmol) was dissolved into a 25% solution of hydrogen bromide in acetic acid and the mixture was 
50 concentrated under reduced pressure. The residue was crystallized from methanol to obtain 92 mg (52% yield) of the 
title compound. Melting point: 1 74-1 77°C. [a]D = +40.2° (c = 0.495, methanol) 

1 H-NMR(CDCI 3 )S: 1.02 (3H, s), 1.51 (3H, s), 1.76 (3H, s) : 2.17 (3H, s), 2.18 (3H, s) ; 2.31 (3H, s), 3.87 (6H, s), 
4.10 (1H ; s), 4.45 (4H, s), 6.70-7.15 (6H, m). 
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Example 22a 

(-)-5, 6-Dimethoxy-2-[2, 2,4, 6,7-pentannethyl-3-(4-methylphenyl)-2 ! 3-di hydro- 1 -benzofuran-5-yl]isoindoline 
hydrobromide 

5 

[0232] By using (-)-5,6-dimethoxy-2-[2,2,4,6 ) 7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-^ 

indoline, the title compound was synthesized according to Example 21a. Yield: 46%. Melting point: 1 71 -1 74°C. [a]D 
= -40.1° (c = 0.498, methanol) 

1 H-NMR(CDCI 3 )S: 1.02 (3H, s), 1.51 (3H, s), 1.76 (3H, s) ; 2.17 (6H, s), 2.31 (3H, s) ; 3.88 (6H, s), 4.10 (1H, s), 
10 4.45 (4H, s), 6.74-7.10 (6H, m). 

Example 23a 

5,6-dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]-2H-isoindole 

15 

[0233] To a solution of 5 ) 6-dimethoxy-2-[2,2 ) 4,6 J 7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]- 
2H-isoindole(1 .83g, 4mmol)in toluene (50 ml) was added 10 % palladium-carbon (water content 50%, 1.83g)and the 
resulting mixture was stirred at 1 00°C for 20 minutes under a nitrogen atmosphere. 

[0234] The catalyst was removed through filtration, and the filtrate was concentrated under reduced pressure. The 
20 residue was crystallized from hexane/ethyl acetate (6:1) to obtain the title compound 1 .37g (yield: 75%). [a]D= +92.9° 
(c= 0.498 chloroform). m.p.:146-147°C. 

1 H-NMR (CDCI 3 ) 5: 1.06 (3H, s), 1 .48 (3H, s), 1.55 (3H, s), 1.82 (3H, s), 2.20 (3H, s), 2.32 (3H, s), 3.90 (3H, s), 3.91 
(3H, s), 4.13 (1H, s), 6.82 (2H, s), 6.84 (2H, brs), 6.90 (2H, br), 7.07 (2H, brd, J=7.8Hz). 

[0235] The chemical structures of the compounds obtained in the above-described Examples are shown below. 



39 



EP 1 323 716 A1 



Table 1 
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Formulation Example 1a 
[0236] 

50 



(1 ) The compound obtained in Example 1 4a 


50 


mg 


(2) Lactose 


34 


mg 


(3) Corn starch 


10.6 


mg 


(4) Corn starch (paste) 


5 


mg 


(5) Magnesium Stearate 


0.4 


mg 


(6) Calcium carboxymethyl cellulose 


20 


mg 


Total 


120 


mg 
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[0237] According to a conventional method, tablets were prepared by mixing the above-described substances (1 ) to 
(6), and then subjecting the resulting mixture to a tablet compression process by using a tablet compression machine. 

[Compounds (lb)] 

5 

Reference Example 1b 

Ethyl 3-(4-isopropylphenyl)-2-methyl-2-propenoate 

10 [0238] To a suspension of sodium hydride (a 60% dispersion in liquid paraffin, 5.92 g, 148 mmol) in N,N-dimethyl- 
formamide (150 ml) was added triethyl 2-phosphonopropionate (35.0 g, 148 mmol) at 0°C and the resulting mixture 
was stirred at the same temperature for 1 0 minutes. To the reaction solution was added 4-isopropylbenzaldehyde (20.0 
g, 135 mmol) and the resulting mixture was stirred at room temperature for 30 minutes. Water was added into the 
reaction solution and the product was extracted twice with ethyl acetate. The combined extracts were washed with 

15 water, dried on magnesium sulfate, and then concentrated under reduced pressure to obtain 30.1 g (96% yield) of the 
oily title compound. 

1 H-NMR (CDCI 3 ) S: 1.26 (6H, d, J = 7.0 Hz), 1.35 (3H, t, J = 7.0 Hz), 2.13 (3H, s), 2.92 (1H, septet, J = 7.0 Hz), 
4.27 (2H, q, J = 7.0 Hz), 7.21 -7.38 (4H, m), 7.67 (1 H, s). 

20 Reference Example 2b 

Ethyl 2-methyl-3-(4-methylphenyl)-2-propenoate 

[0239] By using 4-methylbenzaldehyde, the title compound was synthesized according to Reference Example 1b. 
25 Yield: 94%. An oily substance. 

1 H-NMR (CDCI3) S: 1.34 (3H, t, J = 7.0 Hz), 2.12 (3H, d, J = 1.4 Hz), 2.37 (3H, s), 4.26 (2H, q, J = 7.0 Hz), 7.19 
(2H, d, J = 8.4 Hz), 7.31 (2H, d, J = 8.4 Hz), 7.66 (1H, s). 

Reference Example 3b 

30 

Ethyl 3-(4-fluorophenyl)-2-methyl-2-propenoate 

[0240] By using 4-fluorobenzaldehyde, the title compound was synthesized according to Reference Example 1b. 
Yield: 97%. An oily substance. 

35 1 H-NMR (CDCI3) 8: 1 .35 (3H, t, J = 7.0 Hz), 2.10 (3H, d, J - 1 .2 Hz), 4.28 (2H, q, J - 7.0 Hz), 7.08 (2H, t, J - 8.8 

Hz), 7.32-7.43 (2H, m), 7.65 (1H, s). 

Reference Example 4b 

40 Ethyl (E)-3-(4-isopropylphenyl)-2-propenoate 

[0241] To a suspension of sodium hydride (a 60% dispersion in liquid paraffin, 10.4 g, 260 mmol) in N,N-dimethyl- 
formamide (200 ml) was added triethyl phosphonoacetate (58.2 g. 236 mmol) at 0°C and the resulting mixture was 
stirred at the same temperature for 10 minutes. To the reaction mixture was added 4-isopropylbenzaldehyde (35.0 g. 
45 260 mmol) and the resulting mixture was stirred at room temperature for 30 minutes. Water was added into the reaction 
mixture and the product was extracted twice with ethyl acetate. The combined extracts were washed with water, dried 
on magnesium sulfate, and then concentrated under reduced pressure to obtain 47.5 g (92% yield) of the oily title 
compound. 

1 H-NMR (CDCI3) 5: 1.25 (6H, d, J = 7.0 Hz), 1.33 (3H, t, J = 7.0 Hz), 2.92 (1H, septet, J = 7.0 Hz), 4.26 (2H, q, 
50 J = 7.0 Hz), 6.40 (1 H, d, J = 15.8 Hz), 7.24 (2H, d, J = 8.2 Hz), 7.46 (2H, d, J = 8.2 Hz), 7.67 (1 H, d, J = 15.8 Hz). 

Reference Example 5b 

Ethyl (E)-3-(4-fluorophenyl)-2-propenoate 

55 

[0242] By using 4-fluorobenzaldehyde, the title compound was synthesized according to Reference Example 4b. 
Yield: 88%. An oily substance. 

1 H-NMR (CDCI3) 5: 1.34 (3H, t, J - 7.0 Hz), 4.26 (2H, q, J - 7.0 Hz), 6.31 (1H, d. J = 15.8 Hz), 7.00-7.11 (2H, 



42 



EP 1 323 716 A1 



m), 7.43-7.58 (2H, m), 7.67 (1H, d, J = 15.8 Hz). 

Reference Example 6b 

5 3-(4-lsopropylphenyl)-2-methyl-2-propen-1 -ol 

[0243] To a suspension of ethyl 3-(4-isopropylphenyl)-2-methyl-2-propenoate (9.00 g, 38.7 mmol) and cerium chlo- 
ride (1.00 g, 4.06 mmol) in tetrahydrofuran (50 ml) was added lithium aluminum hydride (1.47 g, 38.7 mmol) in four 
portions at -40°C for 30 minutes and the resulting mixture was stirred at the same temperature for 30 minutes. Water 
10 was added into the reaction mixture and the product was extracted twice with ethyl acetate. The combined extracts 
were washed with water, dried on magnesium sulfate, and then concentrated under reduced pressure. The residue 
was subjected to column chromatography on silica gel (hexane-ethyl acetate 8 : 1) to obtain 6.30 g (86% yield) of the 
oily title compound. 

1 H-NMR(CDCI 3 )S: 1.25 (6H, d, J - 7.0 Hz), 1.91 (3H, d, J - 1.4 Hz), 2.90 (1H, septet, J = 7.0 Hz), 4.17 (2H, d ; 
15 J = 0.8 Hz), 6.49 (1H, dd, J = 2.6, 1.4 Hz), 7.15-7.25 (4H, m), 1H unidentified. 

Reference Example 7b 

2- Methyl-3-(4-methylphenyl)-2-propen-1 -ol 

20 

[0244] By using ethyl 2-methyl-3-(4-methylphenyl)-2-propenoate, the title compound was synthesized according to 
Reference Example 6b. Yield: 98%. An oily substance. 

1 H-NMR (CDCI 3 ) 5: 1.87 (3H, s), 2.32 (3H, s), 4.13 (2H,s), 6.46 (1H, s), 7.08-7.22 (4H, m), 1H unidentified. 

25 Reference Example 8b 

3- (4-Fluorophenyl)-2-methyl-2-propen-1 -ol 

[0245] By using ethyl 3-(4-fluorophenyl)-2-methyl-2-propenoate, the title compound was synthesized according to 
30 Reference Example 6b. Yield: 95%. An oily substance. 

1 H-NMR (CDCI3) 5: 1.98 (3H, d, J = 1.6 Hz), 4.11 (2H, s), 6.58 (1H, s), 7.01 (2H, t, J = 8.8 Hz), 7.18-7.28 (2H, 
m), 1H unidentified. 

Reference Example 9b 

35 

(E)-3-(4-lsopropylphenyl)-2-propen-1-ol 

[0246] To a suspension of ethyl (E)-3-(4-isopropylphenyl)-2-propenoate (20.0 g, 91 .6 mmol) in tetrahydrofuran (200 
ml) was added lithium aluminum hydride (2.61 g, 68.7 mmol) in four portions at -40°C for 30 minutes and the resulting 

40 mixture was stirred at the same temperature for 30 minutes. Water was added into the reaction solution and the product 
was extracted twice with ethyl acetate. The combined extracts were washed with water, dried on magnesium sulfate, 
and then concentrated under reduced pressure. The residue was subjected to column chromatography on silica gel 
(hexane-ethyl acetate 8 : 1) to obtain 10.5 g (65% yield) of the oily title compound. 

1 H-NMR (CDCI3) 8: 1.24 (6H, d, J = 7.0 Hz), 2.79-3.00 (2H, m), 4.30 (2H, d, J = 5.6 Hz), 6.35 (1H, dt, J = 15.8, 

45 5.6 Hz), 6.59 (1H, d, J = 15.8 Hz), 7.10-7.39 (4H, m). 

Reference Example 10b 
(E)-3-(4-Fluorophenyl)-2-propen-1 -ol 

50 

[0247] By using ethyl (E)-3-(4-fluorophenyl)-2-propenoate, the title compound was synthesized according to Refer- 
ence Example 6b. Yield: 84%. An oily substance. 

1 H NMR (CDCI3) 5: 4.31 (2H, d, J - 5.6 Hz), 6.28 (1H, dt, J - 15.8, 5.6 Hz), 6.59 (1H, d, J - 15.8 Hz), 6.90-7.40 
(4H, m), 1H unidentified. 

55 
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Reference Example 11b 

1 -(3-Bromo-2-methyl-1 -propenyl)-4-isopropylbenzene 

5 [0248] To a solution of 3-(4-isopropylphenyl)-2-methyl-2-propen-1 -ol (6.30 g, 33.1 mmol) in isopropyl ether (50 ml) 
was added phosphorus tribromide (5.98 g, 22.1 mmol) under ice cooling and the resulting mixture was stirred at room 
temperature for 30 minutes. Water was added into the reaction mixture and the product was extracted with isopropyl 
ether. The organic layer was washed with water and an aqueous saturated solution of sodium hydrogen carbonate, 
dried on magnesium sulfate, filtered, and then concentrated under reduced pressure to obtain 7.63 g (91% yield) of 

10 the oily title compound. 

1 H-NMR (CDCI 3 ) 5: 1.25 (6H, d, J = 7.0 Hz), 2.03 (3H, d, J - 1.4 Hz), 2.90 (1H, septet, J - 7.0 Hz), 4.15 (2H, d, 
J = 0.8 Hz), 6,62 (1 H, s), 7.14-7.26 (4H, m). 

Reference Example 12b 

15 

1 -(3-Bromo-2-methyl-1 -propenyl)-benzene 

[0249] By using 2-methyl-3-phenyl-2-propen-1 -ol, the title compound was synthesized according to Reference Ex- 
ample 11b. Yield: 89%. An oily substance. 
20 1 H-NMR (CDCI 3 ) 6: 2.01 (3H, d, J = 1.4 Hz), 4.13 (2H, d, J = 0.8 Hz), 6.64 (1H, s), 7.19-7.44 (5H, m). 

Reference Example 13b 

1 -(3-Bromo-2-methyl-1 -propenyl)-4-methylbenzene 

25 

[0250] By using 2-methyl-3-(4-methylphenyl)-2-propen-1 -ol, the title compound was synthesized according to Ref- 
erence Example 11b. Yield: 77%. An oily substance. 

1 H-NMR (CDCI3) 5: 2.01 (3H, s), 2.34 (3H, s), 4.13(2H, s), 6,60 (1H, s), 7.09-7.22 (4H, m). 

30 Reference Example 14b 

1 -(3-Bromo-2-methyl-1 -propenyl)-4-fluorobenzene 

[0251 ] By using 3-(4-f luorophenyl)-2-methyl-2-propen-1 -ol, the title compound was synthesized according to Refer- 
35 ence Example 11b. Yield: 79%. An oily substance. 

1 H-NMR (CDCI3) S: 1.87 (3H, s), 4.17 (2H, s), 6.48 (1H, s), 7.01 (2H, t, J - 8.8 Hz), 7.18-7.27 (2H, m). 

Reference Example 15b 

40 1 -[(E)-3-Bromo-1 -propenyl]-4-isopropylbenzene 

[0252] To a solution of (E)-3-(4-isopropylphenyl)-2-propen-1 -ol (10.5 g, 59.6 mmol) in isopropyl ether (100 ml) was 
added phosphorus tribromide (10.7 g, 39.7 mmol) under ice cooling and the resulting mixture was stirred at room 
temperature for 30 minutes. Water was added into the reaction solution and the product was extracted with isopropyl 
45 ether. The organic layer was washed with water and an aqueous saturated solution of sodium hydrogen carbonate, 
dried on magnesium sulfate, filtered, and then concentrated under reduced pressure to obtain 10.2 g (72% yield) of 
the oily title compound. 

1 H-NMR (CDCI3) 5: 1.24 (6H, d, J = 7.0 Hz), 2.89 (1H, septet, J = 7.0 Hz), 4.16 (2H, dd, J = 7.8, 0.8 Hz), 6.35 
(1H, dt, J = 15.4, 7.8 Hz), 6.63 (1H, d, J = 15.4 Hz), 7.14-7.35 (4H, m). 

50 

Reference Example 16b 

1 -[(E)-3-Bromo-1 -propenyl]-4-f luorobenzene 

55 [0253] By using (E)-3-(4-fluorophenyl)-2-propen-1 -ol, the title compound was synthesized according to Reference 
Example 11b. Yield: 61%. An oily substance. 

1 H-NMR (CDCI3) 5: 4.15 (2H, d, J = 7.6 Hz), 6.30 (1H, dt, J = 15.4, 7.6 Hz), 6.61 (1 H, d, J = 15.4 Hz), 6.83-7.08 
(2H, m), 7.31-7.45 (2H, m). 
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Reference Example 17b 

N-[4-[[3-(4-lsopropylphenyl)-2-methyl-2-propenyl]oxy]-2,3,6-trimethylpheny 

5 [0254] To asolution of N-(4-hydroxy-2,3,6-trimethylphenyl)formarriicle (3.00 g, 1 6.7 mmol) in N, N - d i m et hy If orm amide 
(30 ml) was added sodium hydride (a 60% dispersion in liquid paraffin, 0.74 g, 18.4 mmol) at 0°C under a nitrogen 
atmosphere and the resulting mixture was stirred at the same temperature for 10 minutes. To the reaction solution was 
added 1 -(3-bromo-2-methyl-1 -propenyl)-4-isopropylbenzene (4.66 g, 1 8.4 mmol) and the resulting mixture was stirred 
at room temperature for 30 minutes. Water was added into the reaction solution and the product was extracted twice 

10 with ethyl acetate. The combined extracts were washed with water, dried on magnesium sulfate, and then concentrated 
under reduced pressure. The resulting residue was crystallized from ethyl acetate-hexane to obtain 3.70 g (63% yield) 
of the title compound. Melting point: 153-155°C. 

1 H-NMR (CDCI 3 ) 5: 1 .26 (6H, d, J = 7.0 Hz), 2.00 (3H, s), 2.07-2.34 (9H, m), 2.91 (1 H, septet, J = 7.0 Hz), 4.54 
(2H, q, J - 7.0 Hz), 6.59-6.84 (3H, m), 7.17-7.36 (4H ; m), 7.98 (0.5H, d, J - 12.0 Hz), 8.41 (0.5H, s). 

15 

Reference Example 18b 

N-[2,3,6-Trimethyl-4-[(2-methyl-3-phenyl-2-propenyl)oxy]phenyl]formamide 

20 [0255] By using N-(4-hydroxy-2,3,6-trimethylphenyl)formamide and 1 -(3-bromo-2-methyl-1 -propenyl)benzene, the 
title compound was synthesized according to Reference Example 17b. Yield: 41%. Melting point: 152-154°C. (Ethyl 
acetate-hexane) 

1H-NMR (CDCI 3 )S: 1.98 (3H, d, J = 1.60 Hz), 2.10-2.32 (9H, m), 4.54 (2H, d, J = 5.2 Hz), 6.65 (1H, s), 6.67 (1 H, 
s), 6.69-6.90 (1 H, m), 7.11-7.41 (5H, m), 7.98 (0.5H, d, J = 12.0 Hz), 8.41 (0.5H, d, J = 1 .4 Hz). 

25 

Reference Example 19b 

N-[2,3,6-Trimethyl-4-[[2-methyl-3-(4-methylphenyl)-2-propenyl]oxy]phenyl]formamide 

30 [0256] By using N-(4-hydroxy-2 ; 3,6-trimethylphenyl)formamide and 1-(3-bromo-2-methyl-1 -propenyl)-4-methylben- 
zene, the title compound was synthesized according to Reference Example 1 7b. Yield: 57%. Melting point: 1 67-1 69°C. 
(Ethyl acetate-hexane) 

1 H-NMR (CDCI3) S: 1 .98 (3H, s), 2.07-2.38 (9H, m), 2.35 (3H, s), 4.53 (2H, d, J = 6.6 Hz), 6.61 (1 H, s), 6.66 (1 H, 
d, J = 2.4 Hz), 6.82-7.09 (1H, m), 7.11-7.31 (4H, m), 7.98 (0.5H, d, J = 12.2 Hz), 8.38 (0.5H, s). 

35 

Reference Example 20b 

N-[4-[[3-(4-Fluorophenyl)-2-methyl-2-propenyl]oxy]-2,3,6-trimethylphenyl]formamide 

40 [0257] By using N-(4-hydroxy-2,3,6-trimethylphenyl)formamide and 1 -(3-bromo-2-methyl-1-propenyl)-4-fluoroben- 
zene, the title compound was synthesized according to Reference Example 1 7b. Yield: 52%. Melting point: 1 64-1 65°C. 
(Ethyl acetate-hexane) 

1 H-NMR(CDCI 3 )S: 1.96 (3H,s), 2.12-2.32 (9H, m), 4.53 (2H, d, J = 5.2 Hz), 6.60 (1H, s), 6.66 (1H, s), 6.71-6.95 
(1H, m), 7.04 (2H, t, J = 8.8 Hz), 7.22-7.33 (2H, m), 8.04 (0.5H, d, J = 12.0 Hz), 8.40 (0.5H, d, J = 1 .4 Hz). 

45 

Reference Example 21b 

N-[4-[[(E)-3-(4-lsopropylphenyl)-2-propenyl]oxy]-2,3,6- trimethylphenyl]formamide 

50 [0258] To asolution of N-(4-hydroxy-2,3,6-trimethylphenyl)formamide (5.20 g, 29.0 mmol) in N,N-dimethylformamide 
(30 ml) was added sodium hydride (a 60% dispersion in liquid paraffin, 1.39 g, 34.8 mmol) at 0°C under a nitrogen 
atmosphere and the resulting mixture was stirred at the same temperature for 10 minutes. To the reaction solution was 
added 1 -[(E)-3-bromo-1 -propenyl]-4-isopropylbenzene (9.00 g, 37.7 mmol) and the resulting mixture was stirred at 
room temperature for 30 minutes. Water was added into the reaction solution and the product was extracted twice with 

55 ethyl acetate. The combined extracts were washed with water, dried on magnesium sulfate, and then concentrated 
under reduced pressure. The resulting residue was crystallized from ethyl acetate-hexane to obtain 5.80 g (59% yield) 
of the title compound. Melting point: 165-167°C. 

1 H-NMR (CDCI3) 5: 1 .25 (6H, d, J - 6.8 Hz), 2.13-2.27 (9H, m), 2.90 (1 H, septet, J - 6.8 Hz), 4.66 (2H, t, J - 5.8 
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Hz), 6.37 (1H, dt, J = 15.8, 5.8 Hz), 6.65-6.88 (3H, m), 7.16-7.26 (2H, m), 7.35 (2H, d, J = 8.0 Hz), 7.98 (0.5H, d, J = 
12.0 Hz), 8.40 (0.5H, d, J = 1 .4 Hz). 

Reference Example 22b 

5 

N-[2,3,6-Trimethyl-4-[[(E)-3-phenyl-2-propenyl]oxy]-phenyl]formarriide 

[0259] By using N-(4-hydroxy-2 ! 3,6-trimethylphenyl)formamide and cinnamyl chloride, the title compound was syn- 
thesized according to Reference Example 17b. Yield: 44%. Melting point: 197-199°C. (Ethyl acetate- hexane) 
10 1 H-NMR (CDCI 3 ) 5: 2.05-2.18 (9H, m), 4.62-4.72 (2H, m), 6.35-6.50 (1H, m), 6.62-7.00 (3H, m), 7.24-7.52 (5H, 

m), 8.00 (0.5H, d, J = 12.0 Hz), 8.39 (0.5H, d, J - 1 .6 Hz). 

Reference Example 23b 

15 N-[4-[[(E)-3-(4-Fluorophenyl)-2-propenyl]oxy]-2,3,6-trimethylphenyl]formamide 

[0260] By using N-(4-hydroxy-2,3,6-trimethylphenyl)formamide and 1 -[(E)-3-bromo-1 -propenyl]-4-fluorobenzene, 
the title compound was synthesized according to Reference Example 17b. Yield: 52%. Melting point: 196-1 98°C. (Ethyl 
acetate-hexane) 

20 1 H-NMR (CDCI 3 )S: 2.10-2.32 (9H, m), 4.67 (2H, t, J = 5.0 Hz), 6.37(1 H, dt, J = 15.6, 5.0 Hz), 6.59-6.89 (3H, m), 

6.92-7.09 (2H, m), 7.32-7.43 (2H, m), 7.99 (0.5H, d, J = 12.0 Hz), 8.42 (0.5H, d, J = 1 .4 Hz). 

Reference Example 24b 

25 N-[4-Hydroxy-3-[1 -(4-isopropylphenyl)-2-propenyl]-2,5,6- trimethylphenyl]formamide 

[0261] A solution of N-[4-[[(E)-3-(4-isopropylphenyl)-2-propenyl]oxy]-2,3,6-trimethylphenyl]formamide (5.80 g, 17.2 
mmol) in N,N-dimethylaniline (50 ml) was stirred at 215°C for 6 hours under argon atmosphere. The reaction mixture 
was cooled down, diluted with ethyl acetate, washed with 2 N hydrochloric acid and water, dried on magnesium sulfate, 
30 and then concentrated under reduced pressure. The residue was crystallized from ethyl acetate to obtain 3.50 g (60% 
yield) of the title compound. Melting point: 170-1 71 °C. 

1 H-NMR (CDCI 3 ) 5: 1.18-1.40 (6H, m), 2.11-2.27 (9H, m), 2.77-3.00 (1H, m), 5.00-5.22 (2H, m), 5.30-5.42 (1H, 
m), 6.30-6.85 (2H, m), 7.10-7.37 (5H, m), 7.97 (0.5H, d, J = 12.2 Hz), 8.43 (0.5H, d, J = 1 .4 Hz). 

35 Reference Example 25b 

N-[4-Hydroxy-3-[1 -phenyl-2-propenyl]-2,5,6-trimethylphenyl]formamide 

[0262] By using N-[2,3,6-trimethyl-4-[[(E)-3-phenyl-2-propenyl]oxy]phenyl]formamide, the title compound was syn- 
40 thesized according to Reference Example 24b. Yield: 78%. Melting point: 144-145°C. (Ethyl acetate) 

1 H-NMR (CDCI3) 5: 2.08-2.27 (9H, m), 5.02-5.41 (3H, m), 6.32-6.52 (1H, m), 6.61-7.03 (2H, m), 7.18-7.42 (5H, 
m), 7.95 (0.5H, d, J = 12.0 Hz), 8.42 (0.5H, d, J - 1 .8 Hz). 

Reference Example 26b 

45 

N-[4-Hydroxy-3-[1 -(4-fluorophenyl)-2-propenyl]-2,5,6-trimethylphenyl]formamide 

[0263] By using N-[4-[[(E)-3-(4-fluorophenyl)-2-propenyl]oxy]-2,3,6-trimethylphenyl]formamide, the title compound 
was synthesized according to Reference Example 24b. Yield: 66%. Melting point: 168-170°C (Ethyl acetate) 
50 1 H-NMR (CDCI3) 5: 2.10-2.29 (9H, m), 5.02-5.22 (1.5H, m), 5.33-5.50 (1.5H, m), 6.35-6.55 (1H, m), 6.72-7.08 

(4H, m), 7.18-7.30 (2H, m) : 7.96 (0.5H, d, J - 12.2 Hz), 8.42 (0.5H, d, J - 1 .4 Hz). 

Reference Example 27b 

55 3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine 

[0264] A solution of N-[4-[[3-(4-isopropylphenyl)-2-methyl-2-propenyl]oxy]-2,3,6-trimethylphenyl]formamide (3.70 g. 
10.5 mmol) in N,N-dimethylaniline (20 ml) was stirred at 215°C for 6 hours under an argon atmosphere. The reaction 
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mixture was cooled down, then diluted with ethyl acetate, washed with 2 N hydrochloric acid and water, dried on 
magnesium sulfate, and then concentrated under reduced pressure to obtain N-[4-hydroxy-3-[1 -(4-isopropylphenyl)- 

2- methyl-2-propenyl]-2,5,6-trimethylphenyl]formamide as a crude product. A mixture of this compound (2.98 g, 8.47 
mmol), concentrated hydrochloric acid (20 ml) and methanol (60 ml) was refluxed with heating for 2 hours under a 

5 nitrogen atmosphere. The solvent was concentrated under reduced pressure and the resulting residue was neutralized 
with an 8 N aqueous solution of sodium hydroxide. The product was extracted twice with ethyl acetate. The combined 
extracts were washed with water, dried on magnesium sulfate, and then concentrated under reduced pressure. The 
resulting residue was crystallized from isopropyl ether-hexane to obtain 2.23 g (66% yield) of the title compound. 
Melting point: 130-132°C. 

10 1 H-NMR (CDCIg) 5: 1.00 (3H, s), 1.21 (6H, d, J = 6.6 Hz), 1.47 (3H, s), 1.78 (3H, s), 2.12 (3H, s), 2.19 (3H, s), 

2.40-2.60 (3H, m), 4.08 (1 H, s), 6.72-7.00 (2H, m), 7.07 (2H, d, J - 8.0 Hz). 

Reference Example 28b 

15 2,2,4,6,7-Pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-amine 

[0265] By using N-[2,3,6-trimethyl-4-[(2-methyl-3-phenyl-2-propenyl)oxy]phenyl]formamide, the title compound was 
synthesized according to Reference Example 27b. Yield: 67%. Melting point: 129-1 31 °C. (Petroleum ether) 

1 H-NMR (CDCI 3 ) 5: 1.00 (3H, s), 1.48 (3H, s), 1.77(3H, s), 2.13 (3H, s), 2.19 (3H, s), 3.20 (2H, brs), 4.12 (1 H, 
20 S ), 6.70-7.30 (5H, m). 

Reference Example 29b 

2,2,4,6,7-Pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-amine 

25 

[0266] By using N-[2,3,6-trimethyl-4-[[2-methyl-3-(4-methylphenyl)-2-propenyl]oxy]phenyl]formamide, the title com- 
pound was synthesized according to Reference Example 27b. Yield: 62%. Melting point: 114-115°C. (Petroleum ether) 
1 H-NMR (CDCI3) S: 0.99 (3H, s), 1.47 (3H, s), 1.77 (3H, s), 2.12 (3H, s), 2.19 (3H, s), 2.30 (3H, s), 3.23 (2H, br 
s), 4.08 (1H, s), 6.60-7.23 (4H, m). 

30 

Reference Example 30b 

3- (4-Fluorophenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine 

35 [0267] By using N-[4-[[3-(4-fluorophenyl)-2-methyl-2-propenyl]oxy]-2,3,6-trimethylphenyl]formamide, the title com- 
pound was synthesized according to Reference Example 27b. Yield: 78%. Melting point: 125-127°C. (Petroleum ether) 
1 H-NMR (CDCI3) 6: 0.99 (3H, s), 1.47 (3H, s), 1.77(3H, s), 2.12 (3H, s), 2.19 (3H, s), 3.10 (2H, brs), 4.09 (1H, 
s), 6.62-7.20 (4H, m). 

40 Reference Example 31b 

3-(4-lsopropylphenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine hydrochloride 

[0268] To a suspension of N-[4-hydroxy-3-[1 -(4-isopropylphenyl)-2-propenyl]-2,5 ! 6-trimethylphenyl]formamide (3.50 
45 g, 1 0.4 mmol) and calcium carbonate (1 .35 g, 13.5 mmol) in a mixed solvent of tetrahydrofuran (15 ml) and methanol 
(1 5 ml) was gradually added benzyltrimethylammonium iododichloride (3.90 g, 1 1 .4 mmol). The reaction solution was 
stirred at room temperature for 30 minutes. After filtration of the insoluble substances, the solvent was concentrated 
under reduced pressure. Ethyl acetate and water were added to the residue. The organic layer was separated and the 
aqueous layer was extracted twice with ethyl acetate. The combined organic layers were successively washed with a 
50 10% aqueous solution of sodium hydrosulfite, water, an aqueous, saturated solution of sodium hydrogen carbonate 
and an aqueous saturated solution of sodium chloride, dried on magnesium sulfate, and then concentrated under 
reduced pressure to obtain 4.08 g of N-[2-iodomethyl-3-(4-isopropylphenyl)-4,6,7-trimethyl-2,3- dihydro-1 -benzofuran- 
5-yl]formamide. A solution of this compound (4.08 g, 8.81 mmol) and 1 ,8-diazabicyclo[5,4,0]-7-undecene (6.58 m, 44.0 
mmol) in toluene (30 ml) was stirred at 100°C for 3 hours under an argon atmosphere. Water was added into the 
55 reaction solution and the product was extracted twice with ethyl acetate. The combined extracts were washed with 2 
N hydrochloric acid and water, dried on magnesium sulfate, and then concentrated under reduced pressure. The residue 
was subjected to column chromatography on silica gel (hexane-ethyl acetate 20 : 1) to obtain 2.40 g of N-[3-(4-isopro- 
pylphenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-yl]formamide. A mixture of this compound (2.40 g, 7.18 mmol), concen- 
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trated hydrochloric acid (20 ml) and methanol (60 ml) was refluxedwith heatingfor2 hours under a nitrogen atmosphere. 
The solvent was concentrated under reduced pressure and the resulting residue was neutralized with an 8 N aqueous 
solution of sodium hydroxide. The product was extracted twice with ethyl acetate. The combined extracts were washed 
with water, dried on magnesium sulfate, and then concentrated under reduced pressure to obtain 1 .80 g of an oily free 
5 base. The free base (0.50 g, 1 .63 mmol) was dissolved into a solution of hydrochloric acid in methanol and the solvent 
was concentrated under reduced pressure. The resulting residue was crystallized from methanol to obtain 0.41 g (yield 
41%) of the title compound. 

1 H-NMR (CDCI 3 ) 5: 1.29 (6H, d, J = 7.0 Hz), 2.30 (6H, s), 2.41 (3H, s), 2.60 (3H, s), 2.94 (1H, septet, J = 7.0 
Hz), 7.13-7.26 (4H, m), 10.1 (2H, brs), 1H unidentified. 

10 

Reference Example 32b 

2,4,6,7-Tetramethyl-3-phenyl-1 -benzofuran-5-amine hydrochloride 

15 [0269] By using N-[4-hydroxy-3-(1 -phenyl-2-propenyl)-2,5,6-trimethylphenyl]formamide, the title compound was 
synthesized according to Reference Example 31b. Yield: 26%. Melting point: 189-192°C. (Ethanol-hexane) 

1 H-NMR (CDCI3) S: 2.30 (6H, s), 2.42 (3H, s), 2.60(3H, s), 7.21-7.37 (5H, m), 10.2 (2H, brs), 1H unidentified. 

Reference Example 33b 

20 

3-(4-Fluorophenyl)-2,4,6,7-tetramethyl-1-benzofuran-5-amine hydrochloride 

[0270] By using N-[4-hydroxy-3-[1 -(4-f luorophenyl)-2-propenyl]-2,5,6-trimethylphenyl]formamide, the title compound 
was synthesized according to Reference Example 31b. Yield: 87%. Melting point: 208-21 0°C. (Ethanol) 
25 1 H-NMR (CDCI 3 )S: 2.29 (6H, s), 2.42 (3H, s), 2.60(3H, s), 7.03-7.28 (4H, m), 10.2 (2H, brs), 1H unidentified. 

Reference Example 34b 

(1 -Benzyl-4-piperidyl) (4-isopropylphenyl)(3,4,6-trimethyl-2-methoxyphenyl)methanol 

30 

[0271] To a solution of 2-methoxy-3,4,6-trimethylbromobenzene (15.48 g, 67.56 mmol) in tetrahydrofuran (200 ml), 
which was kept at -78°C, was added dropwise a solution of n-butyllithium in hexane (1 .59 mol/l, 42 ml, 66.78 mmol) 
under an argon atmosphere and the mixture was stirred for 30 minutes. To this mixture was added dropwise a solution 
of 1-benzyl-4-(4-isopropylbenzoyl)piperidine (19.81 g, 61 .63 mmol) in tetrahydrofuran (50 ml) and the resulting mixture 

35 was stirred at room temperature for 30 minutes. Water was added to the reaction mixture and the product was extracted 
with ethyl acetate. The extracts were washed with an aqueous saturated solution of sodium chloride, dried on magne- 
sium sulfate, filtered, and then concentrated under reduced pressure. The residue was crystallized from ethyl acetate- 
hexane to obtain 23.01 g (79% yield) of the title compound. Melting point: 154-156°C 

1 H-NMR (CDCI3) 8: 1.18 (6H, d, J = 7.0 Hz), 1.40-1.47 (2H, m), 1.85-1.96 (4H, m), 2.07 (3H, s), 2.17 (3H, s), 

40 2.26 (1H ; m), 2.39 (3H, s), 2.57-2.94 (6H, m), 3.48 (2H, s), 6.18 (1H, br), 6.72 (1H, s) ; 7.08-7.12 (2H, d, J = 8.0 Hz), 
7.12-7.34 (7H, m). 

Reference Example 35b 

45 1 l -Benzyl-3-(4-isopropylphenyl)-4,6,7-trimethylspiro[benzofuran-2(3H) ! 4'-piperidine] 

[0272] To a solution of (1 -benzyl-4-piperidyl)(4-isopropylphenyl)(3,4,6-trimethyl-2-methoxyphenyl)methanol (5.61 g. 
11 .89 mmol) in acetic acid (40 ml) was added a 47% hydrobromic acid (50 ml) and the resulting mixture was refluxed 
with heating for 1 3 hours. The reaction mixture was cooled down to room temperature and then an 8 N aqueous solution 

50 of sodium hydroxide was added into the mixture until it became basic. The product was extracted with ethyl acetate. 
The extracts were washed with an aqueous saturated solution of sodium chloride, dried on magnesium sulfate, filtered, 
and then concentrated under reduced pressure. The residue was crystallized from hexane to obtain 4.44 g (76% yield) 
of the title compound. Melting point: 125-128°C. 

1H-NMR (CDCI3) 6: 1.20 (6H, d, J = 6.8 Hz), 1.36-1.40 (2H, m), 1.72-1.95 (5H, m), 2.17 (3H, s), 2.23 (3H, s), 

55 2.29-2.91 (5H, m), 3.52 (2H, s), 4.04 (1H, s), 6.48 (1H, m), 6.6-7.2 (4H, m), 7.22-7.32 (5H, m). 
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Reference Example 36b 

3-(4-lsopropylphenyl)-4,6,7-trimethylspiro[benzofuran-2(3H), 4'-piperidine] hydrochloride 

5 [0273] To a solution of 1 '-benzyl-3-(4-isopropylphenyl)-4,6,7-trimethylspiro[benzofuran-2(3H),47-piperidine] (10.26 
g, 23.34 mmol) in tetrahydrofuran (100 ml) was added a-chloroethyl chloroform ate (3.76 g, 26.60 mmol) and the re- 
sulting mixture was refluxed with heating for 1 hour. The reaction mixture was cooled down to room temperature and 
concentrated under reduced pressure. Methanol (80 ml) was added into the resulting residue and the mixture was 
refluxed for 1 hour. The reaction mixture was cooled down to room temperature and concentrated under reduced 

10 pressure. The residue was crystallized from ethanol to obtain 7.32 g (81% yield) of the title compound. Melting point: 
> 260°C (decomposed). 

1 H-NMR (DMSO-d 6 ) 5: 1 .17 (6H, d, J = 7.0 Hz), 1 .29-1.67 (2H, m), 1.77 (3H, s), 1.95-2.05(21-1, m), 2.11 (3H, s), 
2.18 (3H, s), 2.78-3.28 (5H, m), 4.31 (1H, s), 6.50 (1H, s), 6.6-7.2 (4H, m), 2H unidentified. 

15 Reference Example 37b 

3-(4-lsopropylphenyl)-1 , ,4,6,7-tetramethylspiro[benzofuran-2(3H),4'-piperidine] 

[0274] To a suspension of 3-(4-isopropylphenyl)-4,6,7-trimethylspiro[benzofuran-2(3H),4 , -piperidine]hydrochloride 
20 (389.6 mg, 1.01 mmol) in acetonitrile (5 ml) was added 37% formalin (2.0 ml) and the mixture was cooled to 0°C. 

Sodium cyanoborohydride (1 01 .8 mg. 1 .62 mmol) was added into this mixture and the mixture was stirred at room 

temperature for 1 hour. The reaction mixture was concentrated under reduced pressure and an aqueous saturated 

solution of sodium hydrogen carbonate was added to the residue. The product was extracted twice with ethyl acetate. 

The combined extracts were washed with water, dried on magnesium sulfate, filtered, and then concentrated under 
25 reduced pressure. The residue was subjected to column chromatography (on Chromatorex NH DM1 020 (trade name, 

manufactured by Fuji Silysia Chemical Ltd.); hexane-ethyl acetate 10 : 1) to obtain 145.0 mg (40% yield) of the title 

compound. Melting point: 63-64°C. (Petroleum ether). 

1 H-NMR (CDCI 3 ) 5: 1.21 (6H, d, J = 7.0 Hz), 1.34-1.41 (2H, m), 1.84 (3H, s), 1.87-1.97 (2H, m), 2.04 (3H, s), 

2.17 (3H, s), 2.30 (3H, s), 2.32-2.69 (4H, m), 2.85 (1H, septet, J = 7.0 Hz), 4.05 (1 H, s), 6.48 (1H, s), 6.6-7.2 (4H, m). 

30 

Reference Example 38b 

3- (4-lsopropylphenyl)-1 , ,4,6,7-tetramethylspiro[benzofuran-2(3H),4'-piperidine]-5-amine 

35 [0275] A solution of nitrosyl tetrafluoroborate (470.7 mg, 4.03 mmol) in acetonitrile (40 ml) was cooled to 0°C. To the 
solution was added a solution of 3-(4-isopropylphenyl)-1',4,6,7-tetramethylspiro[benzofuran-2(3H),4'-piperidine] (479.1 
mg, 1 .32 mmol) in acetonitrile (10 ml) and the mixture was stirred for 20 minutes. The reaction mixture was poured 
into ice water and basified with an 8 N aqueous solution of sodium hydroxide. The product was extracted twice with 
ethyl acetate. The combined extracts were washed with an aqueous saturated solution of sodium hydrogen carbonate, 

40 dried on magnesium sulfate, filtered, and then concentrated under reduced pressure. The residue was dissolved into 
ethanol (20 ml) and palladium-carbon (59.9 mg) was added into the solution, then the mixture was stirred at 60°C for 
1 8 hours under a hydrogen atmosphere. The reaction mixture was cooled down to room temperature, filtered to remove 
insoluble materials, and then concentrated under reduced pressure. The residue was subjected to column chromatog- 
raphy (on Chromatorex NHDM1020 (trade name, manufactured by Fuji Silysia Chemical Ltd.); hexane-ethyl acetate 

45 3 : 1 ) to obtain 402.0 mg (83% yield) of the title compound. Melting point: 1 23-1 24°C. (Hexane). 

1 H-NMR (CDCI3) 5: 1.10-1.38 (8H, m), 1.69-2.04 (5H, m), 2.12 (3H, s), 2.22 (3H, m), 2.25-2.51 (7H, m), 2.84 
(1 H, septet, J = 6.6 Hz), 3.23 (2H, br), 4.05 (1 H, s), 6.6-7.1 (4H, m). 

Reference Example 39b 

50 

4- Methoxy-2,3,6-trimethylaniline 

[0276] N-(4-Hydroxy-2,3,6-trimethylphenyl)formamide (30.0 g, 1 67 mmol) was dissolved into a mixed solvent com- 
prising of a 4 N aqueous solution of potassium hydroxide (100 ml) and methanol (300 ml) and then dimethyl sulfate 
55 (42.0 g, 334 mmol) was added into the resulting solution. The mixture was refluxed with heating for 14 hours. The 
reaction mixture was cooled down and the crystals precipitated were collected by filtration to obtain N-(4-methoxy- 
2,3,6-trimethylphenyl)formamide as a crude product. To a suspension of this compound in methanol (200 ml) was 
added concentrated hydrochloric acid (50 ml) and the mixture was refluxed with heating for 3 hours. The reaction 
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mixture was cooled down to room temperature and then neutralized with an 8 N aqueous solution of sodium hydroxide. 
The product was extracted twice with ethyl acetate. The combined extracts were washed with a 1 0% aqueous solution 
of sodium hydrosulfite and water, dried on magnesium sulfate : and then concentrated under reduced pressure. The 
residue was crystallized from isopropyl ether to obtain 21 .0 g (76% yield) of the title compound. Melting point: 70-72°C. 
5 1 H-NMR (CDCI 3 ) S: 2.11 (3H, s), 2.16 (3H, s), 2.18 (3H, s), 3.16 (1H, brs), 3.74 (3H, s), 6.54 (1H, s). 

Reference Example 40b 

Tert-butyl 4-methoxy-2,3,6-trimethylphenylcarbamate 

10 

[0277] To a solution of 4-methoxy-2,3,6-trimethylaniline (21.0 g, 127 mmol) and triethylamine (21 .0 ml, 152 mmol) 
in tetrahydrofuran (1 50 ml) was added di-tert-butyl dicarbonate (32 ml, 1 40 mmol) at room temperature and the resulting 
mixture was refluxed with heating for 14 hours. The solvent was concentrated under reduced pressure. Water was 
added into the residue and the product was extracted twice with ethyl acetate. The combined organic layers were 
15 washed with 1N hydrochloric acid and an aqueous saturated solution of sodium hydrogen carbonate, dried on mag- 
nesium sulfate, filtered, and then concentrated under reduced pressure. The residue was crystallized from ethyl ace- 
tate-hexane to obtain 25.2 g (75% yield) of the title compound. Melting point: 1 04-1 06°C. 

1 H-NMR (CDCI3) 5: 1 .50 (9H, s), 2.12 (3H, s), 2.1 7 (3H, s), 2.24 (3H, s), 3.78 (3H, s), 5.81 (1 H, brs), 6.58 (1 H, s). 

20 Reference Example 41b 

Tert-butyl 3-bromo-4-methoxy-2,5,6-trimethylphenylcarbamate 

[0278] To a solution of tert-butyl 4-methoxy-2,3,6-trimethylphenylcarbamate (12.7 g, 47.9 mmol) and sodium acetate 
25 (4.72 g, 57.5 mg) in acetic acid (50 ml) was added bromine (8.42 g, 52.7 mmol) at room temperature and the resulting 
mixture was stirred at the same temperature for 1 hour. Water (80 ml) was added into the reaction mixture. The crystals 
precipitated were collected by filtration and dissolved into ethyl acetate. The solution was washed with an aqueous 
saturated solution of sodium hydrogen carbonate, dried on magnesium sulfate, filtered, and then concentrated under 
reduced pressure. The residue was crystallized from methanol to obtain 15.0 g (91% yield) of the title compound. 
30 Melting point: 159-1 61 °C. 

1 H-NMR (CDCI3) 6: 1.50 (9H, s), 2.15 (3H, s), 2.24 (3H, s), 2.35 (3H, s), 3.74 (3H, s) , 5.92 (1H, brs). 

Reference Example 42b 

35 2,2,4,6,7-Pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 - benzofuran-5-amine 

[0279] To a solution of tert-butyl 3-bromo-4-methoxy-2,5,6-trimethylphenylcarbamate (27.8 g, 80.8 mmol) in tetrahy- 
drofuran (150 ml) was added n-butyllithium (1.6 M, 110 ml, 176 mmol) at -78°C and the reaction mixture was stirred 
at the same temperature for 20 minutes. To the reaction solution was added 2-methyl-1 -(4-methylphenyl)propan-1 -one 

40 (1 3.1 g s 80.7 mmol) and stirred at room temperature for 1 hour. Water (1 50 ml) was added to the reaction mixture and 
the product was extracted three times with ethyl acetate. The combined organic layers were washed with water, dried 
on magnesium sulfate, filtered, and then concentrated under reduced pressure to obtain 26.0 g of tert-butyl 3-[1-hy- 
droxy-2-methyl-1 -(4-methylphenyl)propyl]-4-methoxy-2,5,6-trimethylphenylcarbamate as a crude product. A mixture 
of this compound and 47% hydrobromic acid (1 00 ml) was refluxed with heating for 4 hours under argon atmosphere. 

45 The reaction mixture was cooled down to room temperature and neutralized with an 8 N aqueous solution of sodium 
hydroxide. The product was extracted twice with ethyl acetate. The combined extracts were washed with an aqueous 
saturated solution of sodium hydrogen carbonate, dried on magnesium sulfate, and then concentrated under reduced 
pressure. The residue was crystallized from isopropyl ether-hexane to obtain 14.8 g (62% yield) of the title compound. 
Melting point: 114-115°C. 

50 1 H-NMR (CDCI3) 5: 0.99 (3H, s), 1.47 (3H, s), 1.78 (3H, s), 2.12 (3H, s), 2.17 (3H, s), 2.30 (3H, s), 2.80 (2H, br 

s), 4.08 (1H, s), 6.60-7.10 (4H, m). 

Reference Example 43b 

55 (+)-3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine 

[0280] 3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine was subjected to high per- 
formance liquid chromatography (instrument: Waters semi-preparative separation system, column: CHIRALCEL OD 
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(20 (i, d) x 250 mm) manufactured by Daicel Chemical Industries, LTD.), mobile phase: hexane : isopropyl alcohol = 
98 : 2, flow rate: 6 ml/min, column temperature: 30°C ; sample injection amount: 40 mg) to preparatively separate a 
fraction with a shorter retention time as the title compound. Melting point: 72-75°C. [a]D = +2.8° (c = 0.500, methanol) 

5 Reference Example 44b 

(-)-3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-amine 

[0281] 3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine was subjected to high per- 
10 formance liquid chromatography (instrument: Waters semi-preparative separation system, column: CHIRALCEL OD 
(20 (i, d) x 250 mm) manufactured by Daicel Chemical Industries, LTD.), mobile phase: hexane : isopropyl alcohol = 
98 : 2, flow rate: 6 ml/min, column temperature: 30°C ; sample injection amount: 40 mg) to preparatively separate a 
fraction with a longer retention time as the title compound. Melting point: 74-76°C. [oc]D = -3.3° (c = 0.506, methanol) 

15 Example 1b 

4-Methoxy-N-(2,2,4,6,7-pentamethyl-3-phenyl-2,3-dihydro- 1 -benzofuran-5-yl)benzamide 

[0282] To a solution of 2,2,4,6,7-pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-amine (1.60 g, 5.69 mmol) and 
20 4-methoxybenzoyl chloride (1 .16 g, 6.82 mmol) in chloroform (20 ml) was added triethylamine (0.87 ml, 6.26 mmol) at 
room temperature and the mixture was stirred at room temperature for 30 minutes. The solvent was removed under 
reduced pressure. Water (30 ml) was added into the residue and the product was extracted twice with ethyl acetate. 
The combined organic layers were washed with 1N hydrochloric acid and an aqueous saturated solution of sodium 
hydrogen carbonate, dried on magnesium sulfate, filtered, and then concentrated under reduced pressure. The residue 
25 was crystallized from methanol to obtain 1 .70 g (72% yield) of the title compound. Melting point: 1 90-1 92°C. 

1 H-NMR (CDCI 3 ) 5: 1 .03 (3H, s), 1 .53 (3H, s), 1 .80 (3H, s), 2.19 (6H, s), 3.86 (3H, s), 4.1 6 (1 H, s), 6.80-7.36 (8H, 
m), 7.86 (2H, d, J = 8.8 Hz). 

Example 2b 

30 

N-(4-Methoxybenzyl)-2,2,4,6,7-pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-amine 

[0283] To a suspension of aluminum chloride (2.25 g, 16.9 mmol) in tetrahydrofuran (20 ml) was gradually added 
lithium aluminum hydride (640 mg, 16.9 mmol) under ice cooling and the resulting mixture was stirred at the same 

35 temperature for 10 minutes. To this mixture was added 4-methoxy-N-(2, 2,4,6, 7-pentamethyl-3-phenyl-2,3-dihydro- 
1 -benzofuran-5-yl)benzamide (1 .40 g, 3.37 mmol) and the mixture was refluxed with heating for 3 hours. The reaction 
mixture was poured into ice water and neutralized with an 8 N aqueous solution of sodium hydroxide. The product was 
extracted twice with ethyl acetate. The combined organic layers were washed with water, dried on magnesium sulfate, 
filtered, and then concentrated under reduced pressure. The residue was crystallized from methanol to obtain 0.80 g 

40 (59% yield) of the title compound. Melting point: 113-115°C. 

1 H-NMR (CDCI 3 )5: 1.01 (3H, s), 1.50 (3H, s), 1.78 (3H, s), 1.98 (1H, brs), 2.18 (3H, s), 2.27 (3H, s), 3.79 (3H, 
s), 3.85 (2H, s), 4.11 (1H, s) : 6.80-7.31 (9H, m). 

Example 3b 

45 

4-Fluoro-N-(2,2,4,6,7-pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-yl)benzamide 

[0284] By using 2,2,4,6,7-pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-amine and 4-fluorobenzoyl chloride, 
the title compound was synthesized according to Example 1b. Yield: 92%. Melting point: 156-158°C. (Ethyl acetate) 
50 1 H-NMR (CDCI3) 5: 1 .03 (3H, s), 1 .53 (3H, s), 1 .80 (3H, s), 2.19 (3H, s), 2.20 (3H, s), 4.1 7 (1 H, s), 6.62-7.35 (8H, 

m), 7.85-7.94 (2H, m). 

Example 4b 

55 N-(4-Fluorobenzyl)-2,2,4,6 ! 7-pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-amine 

[0285] By using 4-fluoro-N-(2,2,4,6.7-pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-yl)benzamide, the title 
compound was synthesized according to Example 2b. Yield: 60%. Melting point: 93-95°C. (Methanol) 
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1 H-NMR (CDCI 3 ) 5: 1.01 (3H, s), 1.52 (3H, s), 1.76 (3H, s), 2.18 (3H, s), 2.26 (3H, s), 2.61 (1H, brs), 3.88 (2H, 
s), 4.11 (1H, s), 6.62-7.40 (9H, m). 

Example 5b 

5 

N-[3-(4-lsopropylphenyl)-2 ) 2 J 4,6,7-pentannethyl-2 ) 3-dihydro-1 -benzofuran-5-yl]benzamide 

[0286] By using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine and benzoyl chlo- 
ride, the title compound was synthesized according to Example 1 b. Yield: 90%. Melting point: 21 8-220°C. (Ethyl ace- 
10 tate-hexane). 

1 H-NMR(CDCI 3 )6: 1.03 (3H, s), 1.21 (6H, d, J = 7.0 Hz), 1.52 (3H,s), 1 .82 (3H, s), 2.19 (6H,s), 2.85 (1H, septet, 
J = 7.0 Hz), 4.14 (1H, s), 6.70-7.13 (4H, m), 7.30 (1H, brs), 7.42-7.61 (3H, m), 7.85-7.92 (2H, m). 

Example 6b 

15 

N-Benzyl-3-(4-isopropylphenyl)-2,2,4,6.7-pentamethyl-2,3-dihydro-1-benzofuran-5-amine hydrochloride 

[0287] To a suspension of aluminum chloride (1 .18 g, 8.89 mmol) in tetrahydrofuran (20 ml) was gradually added 
lithium aluminum hydride (337 mg, 8.89 mmol) under ice cooling and the resulting mixture was stirred at the same 

20 temperature for 10 minutes. To this mixture was added N-[3-(4-isopropylphenyl)-2, 2,4,6, 7-pentamethyl-2,3-dihydro- 
1 -benzofuran-5-yl]benzamide (0.76 g, 1 .78 mmol) and the mixture was refluxed with heating for 3 hours. The reaction 
mixture was poured into ice water and neutralized with an 8 N aqueous solution of sodium hydroxide. The product was 
extracted twice with ethyl acetate. The combined organic layers were washed with water, dried on magnesium sulfate, 
filtered, and then concentrated under reduced pressure to obtain 0.52 g of an oily free base. The free base (0.52g, 

25 1 .26 mmol) was dissolved into a solution of hydrochloric acid in methanol and then solvent was concentrated under 
reduced pressure. The resulting residue was crystallized from methanol to obtain 0.47 g (59% yield) of the title com- 
pound. Melting point: 186-188°C. 

1 H-NMR (DMSO-d 6 ) 5: 0.94 (3H, s), 1.20 (6H, d, J = 6.6 Hz), 1.41 (3H, s), 1.62 (3H, s), 2.10 (3H, s), 2.26 (3H, 
s), 2.86 (1H, septet, J = 6.6 Hz), 4.14 (1H, s), 4.23-4.58 (2H, s), 6.40-7.42 (9H, m), 10.4 (2H, brs). 

30 

Example 7b 

N-[3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-4-methoxybenzamide 

35 [0288] By using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine and 4-methoxy- 
benzoyl chloride, the title compound was synthesized according to Example 1 b. Yield: 42%. Melting point: 202-205°C. 
(Ethyl acetate-hexane) 

1 H-NMR(CDCI 3 )5: 1 .02 (3H, s), 1.21 (6H, d, J = 6.8 Hz), 1.49 (3H,s), 1.80(3H, s), 2.18 (6H,s),2.85 (1H, septet, 
J = 6.8 Hz), 3.86 (3H, s), 4.13 (1H, s), 6.62-7.19 (6H, m), 7.23 (1H, s), 7.85 (2H, d, J = 9.2 Hz). 

40 

Example 8b 

3-(4-lsopropylphenyl)-N-(4-methoxybenzyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine 

45 [0289] By using N-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-4-methoxybenza- 
mide, the title compound was synthesized according to Example 2b. Yield: 80%. Melting point: 95-96°C. (Hexane) 

1 H-NMR (CDCI3) 5: 1 .00 (3H, s), 1 .22 (6H, d, J = 6.8 Hz), 1 .49 (3H, s), 1 .6-1 .7 (1 H, br), 1 .79 (3H, s), 2.81 (3H, 
s), 2.27 (3H, s), 2.86 (1H, septet, J = 6.8 Hz), 3.80 (3H, s), 3.86 (2H, s), 4.09 (1H, s), 6.81-6.88 (4H, m), 7.06-7.11 (2H, 
m), 7.24-7.28 (2H, m). 

50 

Example 9b 

3-(4-lsopropylphenyl)-N-(4-methoxybenzyl)-N,2,2,4.6,7-hexamethyl-2,3-dihydro-1 -benzofuran-5-amine 

55 [0290] Sodium hydride (a 60% dispersion in liquid paraffin, 598.8 mg, 14.97 mmol) was washed twice with hexane 
and then suspended to N,N-dimethylformamide (1 0 ml). To this suspension was gradually added a solution of 3-(4-iso- 
propylphenyl)-N-(4-methoxybenzyl)-2,2,4,6.7-pentamethyl-2,3-dihydro-1-benzofuran-5-amine (998.9 mg, 2.25 mmol) 
in N,N-dimethylformamide (30 ml) and the reaction mixture was stirred at 60°C for 30 minutes. To this mixture was 
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added methyl iodide (2.19 g, 15.45 mmol) and the mixture was stirred at the same temperature for 30 minutes. The 
reaction solution was cooled down to room temperature and water was added to the solution . The product was extracted 
with ethyl acetate. The extracts were dried on magnesium sulfate, filtered, and concentrated under reduced pressure. 
The residue was subjected to column chromatography on silica gel (hexane-ethyl acetate 10 : 1) to obtain the title 
5 compound (69 % yield) as an oily mixture of rotamers. 

1 H-NMR (CDCI 3 ) 6: 0.97-1.00 (3H, s), 1.20-1.25 (6H, m), 1.50 (3H, m), 1.83-1.88 (3H, m), 2.14-2.16 (3H, m), 
2.27-2.28 (3H, m), 2.59-2.67 (3H, m), 2.80-2.94 (1H, m), 3.79-3.80 (3H, m), 4.03-4.06 (2H, m), 4.08-4.10 (1H, m), 
6.78-6.87 (4H, m), 7.06-7.30 (4H, m). 

10 Example 10b 

N-[3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-4-methoxyphenylacetamide 

[0291] By using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine and 4-methoxy- 
15 phenylacetyl chloride, the title compound was synthesized according to Example 1b. Yield: 74%. Melting point: 
171-173°C. (Methanol) 

1 H-NMR (CDCI3) 8: 0.98 (3H, s), 1.20 (6H, d, J = 6.6 Hz), 1.46 (3H, s), 1.64 (3H, s), 2.03 (3H, s), 2.12 (3H, s), 
2.84 (1H, septet, J = 6.6 Hz), 3.68 (2H, s), 3.80 (3H, s), 4.06 (1H, s), 6.45 (1H, br), 6.6-6.9 (2H, m), 6.89 (2H, d, J = 
8.6 Hz), 7.05 (2H, d, J = 8.0 Hz), 7.26 (d, 2H, J = 8.6 Hz). 

20 

Example 11b 

3-(4-lsopropylphenyl)-N-[2-(4-methoxyphenyl)ethyl]-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine 

25 [0292] By using N-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-4-methoxyphenyla- 
cetamide, the title compound was synthesized according to Example 2b. Yield: 66%. Melting point: 63-65°C. (Hexane) 
1H-NMR (CDCI3) 6: 0.98 (3H, s), 1.21 (6H, d, J = 6.8 Hz), 1.46 (3H, s), 1.68 (3H, s), 1.8-1.9 (1H, br), 2.12 (3H, 
s), 2.14 (3H, s), 2.76-3.04 (5H, m), 3.78 (3H, s), 4.05 (1H, s), 6.6-7.0 (4H, m), 7.04-7.08 (4H, m), 7.12-7.19 (2H, m). 

30 Example 12b 

3-(4-lsopropylphenyl)-N-[2-(4-methoxyphenyl)ethyl]-N,2,2,4,6,7-hexamethyl-2,3-dihydro-1 -benzofuran-5-amine 

[0293] By using 3-(4-isopropylphenyl)-N-[2-(4-methoxyphenyl)ethyl]-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzo- 
35 furan-5-amine, the title compound was synthesized according to Example 9b. Yield: 85%. An oily substance. 

1 H-NMR(CDCI 3 )5: 0.99 (3H, s), 1.20-1.24 (6H, m), 1 .48-1 .50 (3H, m), 1.77 (3H,s), 2.1 4-2.1 7 (6H, m), 2.58-2.89 
(BH, m), 3.1-3.2 (2H, m), 3.76-3.77 (3H, m), 4.06-4.09 (1H, m), 6.74-6.90 (4H, m), 7.00-7.04 (4H, m). 

Example 13b 

40 

N-[3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2 ! 3-dihydro-1 -benzofuran-5-yl]-N-[2-(4-methoxyphenyl)ethyl] 
acetamide 

[0294] Sodium hydride (a 60% dispersion in liquid paraffin, 232.1 mg, 5.80 mmol) was washed twice with hexane 
45 and then suspended to N,N-dimethylformamide (25 ml). To this suspension was added under an argon atmosphere 
3-(4-isopropylphenyl)-N-[2-(4-methoxyphenyl)ethyl]-2,2,4,6,7-pentamethyl-2.3-dihydro-1 -benzofuran-5-amine (537.9 
mg, 1 .1 8 mmol) and the reaction mixture was stirred at 60°C for 20 minutes. Then, acetyl chloride (0.5 ml, 7.03 mmol) 
was added into the reaction mixture and stirred at the same temperature for 1 hour. After the reaction mixture was 
cooled down to room temperature, an aqueous saturated solution of sodium hydrogen carbonate was added to the 
50 reaction mixture and the product was extracted twice with ethyl acetate. The combined extracts were washed with 
water, dried on magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to 
column chromatography on silica gel (hexane-ethyl acetate 3 : 1) to obtain the rotamer 1 (Rf = 0.38; hexane-ethyl 
acetate3 : 1) of the title compound (46 % yield). Melting point: 134-136°C. (Ethyl acetate-hexane) 

1H-NMR (CDCI3) 8: 1.03 (3H, s), 1.22 (6H, d, J = 7.0 Hz), 1.54 (3H, s), 1.66 (3H, s), 1.72 (3H, s), 2.12 (3H, s), 
55 2.18 (3H, s), 2.77-2.89 (3H, m), 3.59-3.70 (2H, m), 3.77 (3H, s), 4.11 (1H, s), 6.77-7.13 (8H, m). 
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Example 14b 

N-[3-(4-lsopropylphenyl)-2,2,4,6,7-pentannethyl-2 ) 3-dihydro-1 -benzofuran-5-yl]-N-[2-(4-methoxyphenyl)ethyl] 
acetamide 

5 

[0295] The residue treated in the same manner as described in the Example 1 3b was subjected to column chroma- 
tography on silica gel (hexane-ethyl acetate 3 : 1 ) to obtain the rotamer 2 (Rf = 0.25; hexane-ethyl acetate 3 : 1 ) of the 
title compound (36 % yield). Amorphous. 

1 H-NMR (CDCI 3 ) 5: 1.03 (3H, s), 1.23 (6H, d, J = 6.8 Hz), 1.53 (3H, s), 1.73 (3H, s), 1.75 (3H, s), 2.12 (3H, s), 
10 2.18(3H,s),2.67-2.75(2H,m),2.80-2.94(1H,septet, J = 6.8 Hz), 3.57-3.74 (2H, s), 3.77 (3H, s), 4.14 (1 H, S), 6.77-7.13 
(BH, m). 

Example 15b 

15 N-[3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-3-(4-methoxyphenyl)propionamide 

[0296] By using 3-(4-isopropylphenyl)-2 ! 2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine and 3-(4-methoxy- 
phenyl)propionyl chloride, the title compound was synthesized according to Example 1b. Yield: 72%. Melting point: 
188-1 91 °C. (Ethyl acetate-hexane) 
20 1 H-NMR(CDCI 3 )6: 0.99-1.01 (3H, m), 1.19-1.26 (6H, m), 1.48 (3H,s), 1.64-1.68 (3H, m), 1.99 (3H, s), 2.05-2.13 

(5H, m), 2.65-3.04 (3H, m) ; 3.72-3.77 (3H, m), 4.08 (1 H, s), 6.47-7.19 (9H, m). 

Example 1 6b 

25 3-(4-lsopropylphenyl)-N-[3-(4-methoxyphenyl)propyl]-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine 

[0297] By using N-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-3-(4-methoxyphe- 
nyl)propionamide, the title compound was synthesized according to Example 2b. Yield: 99%. Melting point: 62-65°C. 
(Pentane) 

30 1 H-NMR (CDCI3) 5: 0.99 (3H, s), 1.21 (6H, d, J = 6.6 Hz), 1.48 (3H, s), 1.78-1.88 (6H, s), 2.15 (3H, s), 2.20 (3H, 

s), 2.65 (2H, t, J = 7.6 Hz), 2.76 (3H, m), 3.78 (3H ; s), 4.08 (1H, s), 6.6-6.8 (4H, m), 7.05-7.12 (4H, m). 

Example 17b 

35 N-[3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-4-methoxybenzenesulfonamide 

[0298] To a solution of 3-(4-isopropylphenyl)-2, 2,4,6, 7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine (0.35 g, 1 .08 
mmol) and 4-methoxybenzenesulfonyl chloride (0.25 g, 1 .1 9 mmol) in chloroform (5 ml) was added triethylamine (0.16 
ml, 1 .19 mmol) and the mixture was stirred at room temperature for 14 hours. The solvent was concentrated under 

40 reduced pressure. Water (20 ml) was added into the residue and the product was extracted twice with ethyl acetate. 
The combined organic layers were washed with 1N hydrochloric acid and an aqueous saturated solution of sodium 
hydrogen carbonate, dried on magnesium sulfate, filtered, and then concentrated under reduced pressure. The residue 
was crystallized from ethyl acetate-hexane to obtain 0.18 g (34% yield) of the title compound. Melting point: 206-208°C. 
1 H-NMR (CDCI3) 8: 0.99 (3H, s), 1.23 (6H, d, J = 6.8 Hz), 1.40 (3H, s), 1.47 (3H, s), 2.10 (3H, s), 2.13 (3H, s), 

45 2.87 (1 H, septet, J = 6.8 Hz), 3.80 (3H, s), 3.90 (1 H, s), 5.79 (1 H, s), 6.70-7.1 5 (4H, m), 7.09 (2H, d, J = 8.4 Hz), 7.57 
(2H, d, J = 8.8 Hz). 

Example 1 8b 

50 4-Fluoro-N-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl- 2,3-dihydro-1 -benzofuran-5-yl]benzamide 

[0299] By using 3-(4-isopropylphenyl)-2,2.4,6 ) 7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine and 4-fluoroben- 
zoyl chloride, the title compound was synthesized according to Example 1b. Yield: 65%. Amorphous. 

1H-NMR (CDCI3) 8: 1.02 (3H, s), 1.21 (6H, d, J = 6.8 Hz), 1.41 (3H, s), 1.80 (3H, s), 2.17 (3H, s), 2.19 (3H, s), 
55 2.85 (1 H, septet, J = 6.8 Hz), 4.13 (1H, s), 6.60-7.31 (7H, m), 7.89 (2H, dd, J = 8.8, 5.2 Hz). 
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Example 19b 

N-(4- Fluorobenzyl)-3-(4-isopropylphenyl)-2, 2,4, 6,7-pentamethyl-2,3-di hydro- 1 -benzofuran-5-amine hydrochloride 

5 [0300] To a suspension of aluminum chloride (1 .20 g, 9.00 mmol) in tetrahydrofuran (25 ml) was gradually added 
lithium aluminum hydride (340 mg, 9.00 mmol) under ice cooling and the resulting mixture was stirred at the same 
temperature for 1 0 minutes. To this mixture was added 4-fluoro-N-[3-(4-isopropylphenyl)-2, 2,4,6, 7-pentamethyl-2,3-di- 
hydro-1 -benzofuran-5-yl]benzamide (0.83 g, 1 .86 mmol) and the mixture was refluxed with heating for 3 hours. The 
reaction mixture was poured into ice water and neutralized with an 8 N aqueous solution of sodium hydroxide. The 

10 product was extracted twice with ethyl acetate. The combined organic layers were washed with water, dried on mag- 
nesium sulfate, filtered, and then concentrated under reduced pressure to obtain 0.51 g of an oily free base. The free 
base (0.51 g, 1.18 mmol) was dissolved into a solution of hydrochloric acid in methanol and then solvent was concen- 
trated under reduced pressure. The resulting residue was crystallized from methanol to obtain 0.49 g (56% yield) of 
the title compound. Melting point: 201-204°C. 

15 1 H-NMR (DMSO-d 6 ) 5: 0.92 (3H, s), 1.19 (6H, d, J = 7.0 Hz), 1.40 (3H, s), 1.54 (3H, s), 2.10 (3H, s), 2.31 (3H, 

s), 2.85 (1H, septet, J - 6.8 Hz), 4.13 (1H, s), 4.29 (1H, d, J - 12.8 Hz), 4.43 (1H, d, J - 12.8 Hz), 6.20-7.40 (8H, m), 
10.4 (2H ; brs). 

Example 20b 

20 

4-Chloro-N-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl]benzamide 

[0301] By using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2 ; 3-dihydro-1 -benzofuran-5-amine and 4-chloroben- 
zoyl chloride, the title compound was synthesized according to Example 1b. Yield: 71%. Melting point: 201-203°C. 
25 (Ethyl acetate-hexane) 

1 H-NMR (CDCIg) 6: 1.02 (3H, s), 1.21 (6H, d, J = 7.0 Hz), 1.51 (3H, s), 1.80 (3H, s), 2.17 (3H, s), 2.19 (3H, s), 
2.85 (1H, septet, J = 6.8 Hz), 4.13 (1H, s), 6.62-7.31 (4H, m), 7.24 (1H, brs), 7.44 (2H, d, J = 8.8 Hz), 7.82 (2H, d, J 
= 8.8 Hz). 

30 Example 21b 

N-(4-Chlorobenzyl)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-amine 

[0302] By using 4-chloro-N-[3-(4-isopropylphenyl)-2,2 l 4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]benza- 
35 mide, the title compound was synthesized according to Example 2b. Yield: 37%. Melting point: 93-94°C. (Methanol) 
1 H-NMR (CDCIg) 5: 1.00 (3H, s), 1.22 (6H, d, J = 7.0 Hz), 1.49 (3H, s), 1.58 (1H, brs), 1 .74 (3H, s), 2.18 (3H, 
s), 2.25 (3H, s), 2.86 (1 H, septet, J - 6.8 Hz), 3.89 (2H, s), 4.07 (1 H, s), 6.63-7.12 (4H, m), 7.25 (4H, s). 

Example 22b 

40 

N-[3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-1 ,3-benzodioxol-5-carboxamide 

[0303] By using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine and 1 ,3-benzodi- 
oxol-5-carbonyl chloride, the title compound was synthesized according to Example 1b. Yield: 67%. Melting point: 
45 1 65-1 67°C. (Ethyl ether-hexane) 

1 H-NMR (CDCI 3 ) 5: 1.02 (3H, s), 1.21 (6H, d, J = 7.0 Hz), 1.51 (3H, s), 1.80 (3H, s), 2.17 (3H, s), 2.18 (3H, s), 
2.85 (1 H, septet, J = 7.0 Hz), 4.13 (1H, s), 6.03 (2H, s), 6.63-7.13 (5H, m), 7.17 (1H, brs), 7.35-7.45 (2H, m). 

Example 23b 

50 

N-(1 ,3-Benzodioxol-5-ylmethyl)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-amine 

[0304] To a suspension of aluminum chloride (847 mg, 6.35 mmol) in tetrahydrofuran (10 ml) was gradually added 
lithium aluminum hydride (240 mg, 6.35 mmol) under ice cooling and the resulting mixture was stirred at the same 
55 temperature for 10 minutes. To this mixture was added N-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro- 
1 -benzofuran-5-yl]-1 ,3-benzodioxol-5-carboxamide (0.60 g, 1 .27 mmol) and the mixture was refluxed with heating for 
3 hours. The reaction mixture was poured into ice water and neutralized with an 8 N aqueous solution of sodium 
hydroxide. The product was extracted twice with ethyl acetate. The combined organic layers were washed with water 



55 



EP 1 323 716 A1 



dried on magnesium sulfate, filtered, and then concentrated under reduced pressure. The residue was crystallized 
from methanol to obtain 0.23 g (40% yield) of the title compound. Melting point: 100-102°C. 

1 H-NMR (CDCI 3 ) 5: 1.00 (3H, s), 1.22 (6H, d, J = 7.0 Hz), 1.49 (3H, s), 1.80 (3H, s), 1.86 (1H, brs), 2.17 (3H, 
s), 2.26 (3H, s), 2.86 (1 H, septet, J = 7.0 Hz), 3.82 (2H, s), 4.08 (1 H, s), 5.93 (2H, s), 6.62-7.00 (5H, m), 7.08 (2H, d, 
5 J = 8.0 Hz). 

Example 24b 

N-[3-(4-lsopropylphenyl)-2 ) 2,4,6,7-pentamethyl-2 ) 3-dihydro-1-benzofuran-5-yl]-2-thiophenecarboxamide 

10 

[0305] By using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2.3-dihydro-1 -benzofuran-5-amine and 2-thiophene- 
carbonyl chloride, the title compound was synthesized according to Example 1b. Yield: 66%. Melting point: 222-224°C. 
(Ethyl acetate-hexane) 

1 H-NMR (CDCI3) 5: 1 .02 (3H, s), 1 .21 (6H, d, J - 7.0 Hz), 1 .51 (3H, s), 1 .82 (3H, s), 2.19 (3H, s), 2.85 (1 H, septet, 
15 J = 7.0 Hz), 4.13 (1H, s), 6.70-7.20 (6H, m), 7.50 (1H, dd, J = 4.8, 1.2 Hz), 7.63 (1H, dd, J = 3.6, 1.2 Hz). 

Example 25b 

3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-N-(2-thienylmethyl)-2,3-dihydro-1-benzofuran-5-amine 

20 

[0306] By using N-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-2-thiophenecarbox- 
amide, the title compound was synthesized according to Example 2b. Yield: 61 %. Melting point: 1 01 -1 03°C. (Methanol) 
1 H-NMR (CDCI3) S: 1.00 (3H, s), 1 .22 (6H, d, J = 7.0 Hz), 1.49 (3H, s), 1.80 (3H, s), 3.00-2.40 (7H, s), 2.86 (1H, 
septet, J = 7.0 Hz), 4.08 (1H, s), 4.11 (2H, s), 6.71-7.30 (7H, m). 

25 

Example 26b 

N-[3-4-(lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl]nicotinamide 

30 [0307] To a solution of 3-(4-isopropylphenyl)-2, 2,4,6, 7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine (0.85 g, 2.63 
mmol) and nicotinoyl chloride hydrochloride (51 6 mg, 2.90 mmol) in chloroform (15 ml) was added triethylamine (0.80 
ml, 5.80 mmol) and the mixture was stirred at room temperature for 30 minutes. The solvent was concentrated under 
reduced pressure. Water (30 ml) was added into the residue and the product was extracted twice with ethyl acetate. 
The combined organic layers were washed with an aqueous saturated solution of sodium hydrogen carbonate, dried 

35 on magnesium sulfate, filtered, and then concentrated under reduced pressure. The residue was subjected to column 
chromatography (hexane-ethyl acetate 5 : 1 ) on silica gel to obtain 0.72 g (61% yield) of the title compound. Melting 
point: 214-216°C. (Ethyl ether-hexane) 

1 H-NMR(CDCI 3 )5: 1.03 (3H, s), 1.21 (6H, d, J = 7.0 Hz), 1.52 (3H,s), 1.82(3H, s), 2.19 (6H,s),2.86 (1H, septet, 
J = 7.0 Hz), 4.14 (1H, s), 6.70-7.13 (4H, m), 7.31 (1H, brs), 7.44 (1H, dd, J = 7.8, 4.8 Hz), 8.23 (1H, dt, J = 8.0, 2.2 

40 Hz), 8.74-8.79 (1H, m), 9.12 (1H, brs). 

Example 27b 

N-[3-(4-lsopropylphenyl)-2 5 2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]isonicotinamide hydrochloride 

45 

[0308] To a solution of 3-(4-isopropylphenyl)-2, 2,4,6, 7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine (0.85 g, 2.63 
mmol) and isonicotinoyl chloride hydrochloride (516 mg, 2.90 mmol) in chloroform (15 ml) was added triethylamine 
(0.80 ml, 5.80 mmol) and the mixture was stirred at room temperature for 30 minutes. The solvent was concentrated 
under reduced pressure. Water (30 ml) was added into the residue and the product was extracted twice with ethyl 

50 acetate. The combined organic layers were washed with an aqueous saturated solution of sodium hydrogen carbonate, 
dried on magnesium sulfate, filtered, and then concentrated under reduced pressure. The residue was subjected to 
column chromatography (hexane-ethyl acetate 5 : 1) on silica gel to obtain 0.90 g of an oily free base. The free base 
(0.90 g, 2.10 mmol) was dissolved into a solution of hydrochloric acid in methanol and the solvent was concentrated 
under reduced pressure to obtain 0.47 g (64% yield) of the amorphous title compound. 

55 1 H-NMR(CDCI 3 )8: 0.99 (3H, s), 1.19 (6H, d, J = 6.8 Hz), 1.49 (3H,s), 1.80(3H, s), 2.14 (6H,s),2.83 (1H, septet, 

J - 6.8 Hz), 4.13 (1H, s), 6.70-7.19 (5H, m), 8.20-9.20 (4H, m) : 9.79 (1H, brs). 
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Example 28b 

N-[3-(4-Fluorophenyl)-2,2,4,67-pentamethyl-2,3-dihydro-1-benzofuran-5-yl]-4-methoxyben 

[0309] By using 3-(4-fluorophenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine and 4-methoxyben- 
zoyl chloride, the title compound was synthesized according to Example 1b. Yield: 79%. Melting point: 191-194°C. 
(Ethyl acetate-hexane) 

1 H-NMR(CDCI 3 )S: 1.02 (3H, s), 1.51 (3H, s), 1.79 (3H, s), 2.17 (3H, s), 2.20 (3H, s), 3.86 (3H, s), 4.14 (1H, s), 
6.60-7.21 (7H, m), 7.85 (2H, d, J = 8.8 Hz). 

Example 29b 

3- (4-Fluorophenyl)-N-(4-methoxybenzyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-amine 

[0310] By using N-[3-(4-fluorophenyl)-2,2,4,6.7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-4-methoxybenzamide, 
the title compound was synthesized according to Example 2b. Yield: 52%. Melting point: 114-115°C. (Methanol) 

1 H-NMR (CDCIg) 5: 1.00 (3H, s), 1.49 (3H, s), 1.76 (3H, s), 2.18 (3H, s), 2.27 (3H, s), 2.80 (1H, brs), 3.79 (3H, 
s), 3.85 (2H, s) p 4.08 (1H, s), 6.71-7.03 (6H, m), 7.20-7.27 (2H, m). 

Example 30b 

4- Fluoro-N-[3-(4-fluorophenyl)-2,2 ; 4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl]benzamide 

[0311] By using 3-(4-fluorophenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-amine and 4-fluorobenzoyl 
chloride, the title compound was synthesized according to Example 1b. Yield: 75%. Melting point: 140-142°C. (Ethyl 
acetate-hexane) 

1 H-NMR (CDCI 3 ) 5: 1 .02 (3H, s), 1 .52 (3H, s), 1 .80 (3H, s), 2.19 (6H, s), 4.1 4 (1 H, s), 6.75-7.25 (7H, m), 7.85-7.94 
(2H, m). 

Example 31b 

N-(4-Fluorobenzyl)-3-(4-fluorophenyl)-2,2,4,6,7-pentamethyl-2.3-dihydro-1 -benzofuran-5-amine 

[0312] By using4-fluoro-N-[3-(4-fluorophenyl)-2,2,4,6,7-pentamethyl-2 l 3-dihydro-1 -benzofuran-5-yl]benzamide, the 
title compound was synthesized according to Example 2b. Yield: 66%. Melting point: 118-120°C. (Ethanol) 

1 H-NMR (CDCI3) 6: 1.00 (3H, s), 1 .49 (3H, s), 1.77 (3H, s), 2.18 (3H, s), 2.26 (3H, s), 2.92 (1H, brs), 3.88 (2H, 
s), 4.08 (1H, s), 6.50-7.21 (6H, m), 7.24-7.41 (2H, m). 

Example 32b 

4-Methoxy-N-[2.2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]benzamide 

[0313] By using 2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine and 4-methoxyben- 
zoyl chloride, the title compound was synthesized according to Example 1b. Yield: 86%. Melting point: 161-163°C. 
(Ethyl acetate-hexane) 

1 H-NMR (CDCI3) S: 1 .03 (3H, s), 1 .51 (3H, s), 1 .79 (3H, s), 2.18 (6H, s), 2.30 (3H, s), 3.86 (3H, s), 4.12 (1H, s), 
6.58-7.11 (6H, m), 7.20 (1H, brs), 7.85 (2H, d, J = 8.8 Hz). 

Example 33b 

N-(4-Methoxybenzyl)-2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine 

[0314] By using 4-methoxy-N-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]benza- 
mide, the title compound was synthesized according to Example 2b. Yield: 58%. Melting point: 97-98°C. (Ethanol) 

1 H-NMR (CDCI3) 8: 1.00 (3H, s), 1.49 (3H, s), 1 .78 (3H, s), 2.18 (3H, s), 2.26 (3H, s), 2.31 (3H, s), 2.60(1 H, br 
s), 3.79 (3H, s), 3.85 (2H, s), 4.08 (1H, s), 6.58-7.38 (8H, m). 
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Example 34b 

4-Fluoro-N-[2 ) 2,4,6y-pentamethyl-3-(4-methylphenyl)-2 ) 3-clihydro-1 -benzofuran-5-yl]benzamide 

5 [0315] By using 2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine and 4-fluorobenzoyl 
chloride, the title compound was synthesized according to Example 1b. Yield: 43%. Melting point: 148-120°C. (Ethyl 
acetate-hexane) 

1 H-NMR (CDCI 3 ) 8: 1 .03 (3H, s), 1 .52 (3H, s), 1 .80 (3H, s), 2.19 (6H, s), 2.30 (3H, s), 4.1 3 (1 H, s), 6.60-7.20 (7H, 
m), 7.85-7.94 (2H, m). 

10 

Example 35b 

N-(4-Fluorobenzyl)-2,2,4,6 ! 7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-amine 

15 [0316] By using 4-fluoro-N-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]benzamide, 
the title compound was synthesized according to Example 2b. Yield: 39%. Melting point: 92-94°C. (Methanol) 

1 H-NMR (CDCI3) 5: 1.01 (3H, s), 1.49 (3H, s), 1.77 (3H, s), 2.18 (3H, s), 2.25 (3H, s), 2.31 (3H, s), 2.82 (1H, br 
s), 3.87 (2H, s) p 4.07 (1 H, s), 6.60-7.32 (8H, m). 

20 Example 36b 

Methyl 4-[[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-ylamino]carbonyl]benzoate 

[031 7] By using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzof uran-5-amine and 4-methoxycar- 
25 bonylbenzoyl chloride, the title compound was synthesized according to Example 1b. Yield: 92%. Melting point: 
220-223°C. (Methanol) 

1 H-NMR(CDCI 3 )6: 1.03 (3H, s), 1.21 (6H, d, J = 7.0 Hz), 1.52 (3H,s), 1 .82 (3H, s), 2.19 (6H,s), 2.85 (1H, septet, 
J = 7.0 Hz), 3.95 (3H, S), 4.14 (1H, s), 6.88 (2H, brs), 7.07-7.11 (2H, m), 7.30 (1H, s), 7.92-7.96 (2H, m), 8.11-8.16 
(2H, m) . 

30 

Example 37b 

4- [[3-(4-lsopropylphenyl)-2, 2,4, 6, 7-pentamethyl-2,3-dihydro-1 -benzof uran-5-ylamino]carbonyl]benzoic acid 

35 [0318] To a solution of methyl 4-[[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-ylamino] 
carbonyl]benzoate (341 .7 mg, 0.70 mmol) in a mixed solvent of tetrahydrofuran (10 ml) and methanol (2.5 ml) was 
added a 1 N aqueous solution of sodium hydroxide (0.75 ml, 0.75 mmol) and the resulting mixture was stirred at room 
temperature for 3 hours. The reaction mixture was concentrated under reduced pressure and 1N hydrochloric acid 
was added into the residue. The product was extracted twice with ethyl acetate. The combined extracts were dried on 

40 magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was crystallized from ethyl acetate- 
hexane to obtain the title compound (60% yield). Melting point: 258-261 °C. 

1 H-NMR (DMSO-d 6 ) 5: 0.97 (3H, s), 1.17 (6H, d, J = 7.0 Hz), 1.47 (3H, s), 1.71 (3H, s), 2.07 (3H, s), 2.13 (3H, 
s), 2.84 (1H, septet, J = 7.0 Hz), 4.24 (1H, s), 6.90 (2H, brs ), 7.15 (2H, d, J = 7.6 Hz), 8.04 (4H, s), 9.47 (1H, s), 1H 
unidentified. 

45 

Example 38b 

5- (4-Methoxybenzylamino)-2,4,6,7-tetramethyl-3-phenyl-1 -benzof uran hydrochloride 

50 [0319] To a solution of 2,4,6,7-tetramethyl-3-phenyl-1 -benzof uran-5-amine (0.50 g, 1 .88 mmol) and 4-methoxyben- 
zaldehyde (282 mg, 2.07 mmol) in methanol (15 ml) was added sodium cyanoborohydride (130 mg, 2.07 mmol) at 
room temperature and the resulting mixture was stirred at room temperature for 1 hour. The reaction mixture was 
concentrated under reduced pressure and the residue was neutralized with a 1 N aqueous solution of sodium hydroxide. 
The product was extracted twice with ethyl acetate. The combined organic layers were washed with water, dried on 

55 magnesium sulfate, filtered, and concentrated under reduced pressure to obtain 0.37 g of an oily free base. The free 
base (0.37 g, 0.96 mmol) was dissolved into a hydrochloric acid-methanol mixed solution and the solvent was concen- 
trated under reduced pressure. The resulting residue was crystallized from methanol to obtain 0.21 g (27% yield) of 
the title compound. Melting point: 200-203°C. 
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1 H-NMR (CDCI 3 ) 8: 1 .97 (3H, s), 2.30 (3H, s), 2.34 (3H, s), 2.37 (3H, s), 3.73 (3H, s), 4.53 (3H, s), 6.69 (2H, d, 
J = 8.4 Hz), 7.11-7.25 (4H ; m), 7.32-7.37 (3H, m), 1H unidentified. 

Example 39b 

5 

4-Fluoro-N-(2,4,6,7-tetramethyl-3-phenyl-1 -benzofuran-5-yl)benzamide 

[0320] By using 2,4,6,7-tetramethyl-3-phenyl-1 -benzofuran-5-amine and 4-fluorobenzoyl chloride, the title com- 
pound was synthesized according to Example 1b. Yield: 80%. Melting point: 242-245°C. (Ethyl acetate- hexane) 
10 1 H-NMR (CDCI3) 8: 1.96 (3H, s), 2.25 (3H, s), 2.32 (3H, s), 2.45 (3H, s), 7.04-7.14 (2H, m), 7.24-7.50 (6H, m), 

7.84-7.93 (2H, m). 

Example 40b 

15 N-(4-Fluorobenzyl)-2,4,6,7-tetramethyl-3-phenyl-1 -benzofuran-5-amine 

[0321 ] By using 4-f luoro-N-(2,4,6,7-tetramethyl-3-phenyl-1 -benzof uran-5-yl)benzamide, the title compound was syn- 
thesized according to Example 2b. Yield: 56%. Melting point: 135-136°C. (Methanol) 

1 H-NMR (CDCI3) 8: 2.00 (3H, s) ; 2.30 (3H, s), 2.35 (3H, s), 2.45 (3H, s), 3.08 (1H, brs), 3.92 (2H, s), 6.95-7.06 
20 (2H, m), 7.28-7.47 (7H, m). 

Example 41b 

N-[3-(4-lsopropylphenyl)-2,4,6,7-tetramethyl-1-benzofuran-5-yl]benzamide 

25 

[0322] By using 3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1 -benzof uran-5-amine and benzoyl chloride, the title com- 
pound was synthesized according to Example 1b. Yield: 91%. Melting point: 225-227°C. (Ethyl acetate) 

1 H-NMR (CDCI3) 8: 1 .29 (6H, d, J = 7.0 Hz), 2.01 (3H, s), 2.30 (3H, s), 2.33 (3H, s), 2.47 (3H, s), 2.95 (1 H, septet, 
J = 7.0 Hz), 7.25 (4H, s), 7.39 (1H, br s),7.41 -7.62 (3H, m), 7.88-7.97 (2H, m). 

30 

Example 42b 

N-Benzyl-3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1 -benzof uran-5-amine 

35 [0323] By using N-[3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-yl]benzamide, the title compound was 
synthesized according to Example 2b. Yield: 55%. Melting point: 94-95°C. (Ethanol) 

1 H-NMR (CDCI3) 5: 1 .31 (6H, d, J - 7.0 Hz), 1 .95 (1 H, br s), 2.04 (3H, s), 2.31 (3H, S), 2.37 (3H, s), 2.45 (3H, 
s), 2.97 (1H, septet, J = 7.0 Hz), 3.96 (2H, s), 7.23-7.44 (9H, m). 

40 Example 43b 

N-[3-(4-lsopropylphenyl)-2,4,6,7-tetramethyl-1-benzofuran-5-yl]-4-methoxybenzamide 

[0324] By using 3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine and 4-methoxybenzoyl chloride, 
45 the title compound was synthesized according to Example 1b. Yield: 49%. Amorphous. 

1 H-NMR (CDCI3) 8: 1 .29 (6H, d. J = 7.0 Hz), 1 .99 (3H, S), 2.28 (3H, s), 2.32 (3H, s), 2.46 (3H, s), 2.95 (1 H, septet, 
J = 7.0 Hz), 3.86 (3H, s), 6.95 (2H, d, J = 8.8 Hz), 7.24 (4H, s), 7.33 (1 H, br s), 7.88 (2H, d, J = 8.8 Hz). 

Example 44b 

50 

N-[3-(4-lsopropylphenyl)-2, 4,6, 7-tetramethyl-1 -benzof uran-5-yl]-4-methoxyphenylacetamide 

[0325] By using 3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine and 4-methoxyphenylacetyl chlo- 
ride, the title compound was synthesized according to Example 1 b. Yield: 42%. Melting point: 202-204°C. (Methanol) 
55 1 H-NMR (CDCI3) 8: 1 .30 (6H, d, J = 7.0 Hz), 1 .84 (3H, s), 2.13 (3H, s), 2.28 (3H, s), 2.40 (3H, s), 2.95 (1 H, septet, 

J - 7.0 Hz), 3.72 (2H, s), 3.81 (3H, s), 6.58 (1 H, br s), 6.92 (2H, d, J - 8.8 Hz), 7.20-7.33 (6H, m). 
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Example 45b 

3- (4-lsopropylphenyl)-N-(4-methoxybenzyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine hydrochloride 

5 [0326] By using [N-[3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-yl]]-4-methoxyphenylacetamide, the 
title compound was synthesized according to Example 6b. Yield: 87%. Amorphous. 

1 H-NMR (CDCI 3 ) 5: 1 .28 (6H, d. J = 7.0 Hz), 2.00 (3H, S), 2.30 (3H, s), 2.32 (3H, s), 2.35 (3H, s), 2.94 (1 H, septet, 
J = 7.0 Hz), 3.72 (3H, s), 4.53 (2H, s), 6.68-6.72 (4H, m), 7.07-7.25 (4H, m), 10.9 (1H, brs), 1H unidentified. 

10 Example 46b 

4- Fluoro-N-[3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-yl]benzamide 

[0327] By using 3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine and 4-fluorobenzoyl chloride, the 
15 titlecompoundwas synthesized accordingto Example 1b. Yield: 72%. Melting point: 242-245°C. (Ethyl acetate-hexane) 
1 H-NMR(CDCI 3 ) 5: 1.28 (6H, d, J -7.0 Hz), 1.98 (3H,s),2.26 (3H,s), 2.33 (3H, s), 2.45 (3H,s),2.95 (1H, septet, 
J = 7.0 Hz), 7.06-7.17 (2H, m), 7.24 (4H, s), 7.39 (1H, brs), 7.86-7.95 (2H, m). 

Example 47b 

20 

N-(4-Fluorobenzyl)-3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1-benzofuran-5-amine 

[0328] To a suspension of aluminum chloride (807 mg, 6.05 mmol) in tetrahydrofuran (10 ml) was gradually added 
lithium aluminum hydride (230 mg, 6.05 mmol) under ice cooling and the resulting mixture was stirred at the same 

25 temperature for 1 0 minutes. To this mixture was added 4-fluoro-N-[3-(4-isopropylphenyl)-2,4,6,7-tetramethyl-1 -benzo- 
furan-5-yl]benzamide (0.52 g, 1 .21 mmol) and the mixture was refluxed with heating for 3 hours. The reaction mixture 
was poured into ice water and neutralized with an 8 N aqueous solution of sodium hydroxide. The product was extracted 
twice with ethyl acetate. The combined organic layers were washed with water, dried on magnesium sulfate, filtered, 
and then concentrated under reduced pressure. The residue was crystallized from ethanol to obtain 0.27 g (54% yield) 

30 of the title compound. Melting point: 95-97°C. 

1 H-NMR (CDCI3) 5: 1 .30 (6H, d, J = 7.0 Hz), 1 .98 (1 H, br s), 2.02 (3H, s), 2.31 (3H, s), 2.34 (3H, s), 2.45 (3H, 
s), 2.96 (1H, septet, J - 7.0 Hz), 3.92 (2H, s), 6.95-7.06 (2H, m), 7.24-7.40 (6H, m). 

Example 48b 

35 

N-[3-(4-Fluorophenyl)-2,4,6,7-tetramethyl-1-benzofuran-5-yl]-4-methoxybenzamide 

[0329] By using 3-(4-fluorophenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine and 4-methoxybenzoyl chloride, the 
title compound was synthesized according to Example 1b. Yield: 75%. Melting point: 225-227°C. (Ethyl acetate) 
40 1 H-NMR (CDCI3) 5: 1 .96 (3H, s), 2.27 (3H, s), 2.30 (3H, s), 2.45 (3H, s), 3.86 (3H, s), 6.95 (2H, d, J = 8.8 Hz), 

7.03-7.13 (2H, m), 7.24-7.36 (3H, m), 7.88 (2H, d, J = 8.8 Hz). 

Example 49b 

45 N-(4-Methoxybenzyl)-3-(4-fluorophenyl)-2 ; 4,6,7-tetramethyl-1-benzofuran-5-amine 

[0330] By using N-[3-(4-fluorophenyl)-2,4,6.7-tetramethyl-1 -benzofuran-5-yl]-4-methoxybenzamide, the title com- 
pound was synthesized according to Example 2b. Yield: 75%. Melting point: 100-102°C. (Ethanol) 

1 H-NMR (CDCI3) 8: 2.01 (3H, s), 2.20-2.60 (1 OH, m), 3.81 (3H, s), 3.89 (2H, s), 6.87 (2H, d, J = 8.8 Hz), 7.05-7.16 
50 (2H, s), 7.23-7.34 (4H, m). 

Example 50b 

4-Fluoro-N-[3-(4-fluorophenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-yl]benzamide 

55 

[0331 ] By using 3-(4-f luorophenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine and 4-fluorobenzoyl chloride, the title 
compound was synthesized according to Example 1b. Yield: 75%. Melting point: 232-234°C. (Ethyl acetate-hexane) 
1 H-NMR (CDCI3) S: 1 .97 (3H, s), 2.28 (3H, s), 2.31 (3H, s), 2.46 (3H, s), 7.03-7.37 (7H, m), 7.86-7.98 (2H, m). 
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Example 51b 

N-(4-Fluorobenzyl)-3-(4-fluorophenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine 

[0332] By using 4-fluoro-N-[3-(4-fluorophenyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-yl]benzamide, the title compound 
was synthesized according to Example 2b. Yield: 66%. Melting point: 107-109°C. (Ethanol) 

1 H-NMR (CDCI 3 ) 8: 1.87 (1H, brs), 1 .99 (3H, s), 2.28 (3H, s), 2.34 (3H, s), 2.45 (3H,s), 3.92 (2H, s), 6.94-7.13 
(4H, m), 7.20-7.43 (4H, m). 

Example 52b 

N- [3- (4-lsopropylphenyl)-1 , ,4,6,7-tetramethylspiro[benzofuran-2(3H),4 , -piperidine]-5-yl]-4-methoxybenzamide 

[0333] By using 3-(4-isopropylphenyl)-1 , ,4,6,7-tetramethylspiro[benzofuran-2(3H) ; 4 l -piperidine]-5-amine, the title 
compound was synthesized according to Example 1b. Yield: 40%. Melting point: 277-278°C. (Ethanol-isopropyl ether) 
1 H-NMR (CDCI3) 5: 1.20 (6H, d, J - 7.0 Hz), 1.35-1.45 (2H, m), 1.81 (3H, s), 2.18-2.91 (16H, m), 3.86 (3H, s), 
4.09 (1H, s), 6.6-7.1 (6H, m), 7.19 (1H, br), 7.83-7.88 (2H, m). 

Example 53b 

3- (4-lsopropylphenyl)-N-(methoxybenzyl)-1 l ,4,6 ) 7-tetramethylspiro[benzofuran-2(3H),4'-piperidine]-5-amine 

[0334] By using N-[3-(4-isopropylphenyl)-1 l ,4,6.7-tetramethylspiro[benzofuran-2(3H) 1 4'-piperidine]-5-yl]-4-methoxy- 
benzamide, the title compound was synthesized according to Example 2b. Yield: 59%. Amorphous. 

1 H-NMR (CDCI3) 5: 1 .21 (6H, d, J = 7.0 Hz), 1 .3-1 .4 (2H, m), 1 .79 (3H, s), 1 .8-2.0 (3H, m), 2.21 (3H, s), 2.27 
(3H, s), 2.31 (3H, s), 2.4-2.7 (4H, m), 2.85 (1 H, septet, J = 7.0 Hz), 3.79 (3H, s), 3.85 (2H, s), 4.05 (1 H, s), 6.6-7.1 (6H, 
m), 7.23-7.27 (2H, m). 

Example 54b 

4- Fluoro-N-[3-(4-isopropylphenyl)-1',4,6,7-tetramethylspiro[benzofuran-2(3H),4'-piperidine]-5-yl]benzamide 

[0335] By using 3-(4-isopropylphenyl)-1 \4,6,7-tetramethylspiro[benzofuran-2(3H),4'-piperidine]-5-amine and 
4-fluorobenzoyl chloride, the title compound was synthesized according to Example 1b. Yield: 38%. Melting point: 
271-272°C. (Methanol-isopropyl ether) 

1 H-NMR (CDCI3) 6: 1.20 (6H, d, J = 7.0 Hz), 1.30-1.40 (2H, m), 1.81 (3H, s), 2.02-2.12 (2H, m), 2.18 (3H, s), 
2.22 (3H, s), 2.30 (3H, s), 2.37-2.71 (4H, m), 2.85 (1H, septet, J - 7.0 Hz), 4.10 (1H, s), 6.6-7.2 (6H, m), 7.24 (1H, br), 
7.86-7.93 (2H, m). 

Example 55b 

N-(4-Fluorobenzyl)-3-(4-isopropylphenyl)-1 \4,6.7-tetramethylspiro[benzofuran-2(3H),4'-piperidine]-5-amine 

[0336] By using 4-fluoro-N-[3-(4-isopropylphenyl)-1 l ,4,6,7-tetramethylspiro[benzofuran-2(3H),4'-piperidine]-5-yl] 
benzamide, the title compound was synthesized according to Example 2b. Yield: 83%. Amorphous. 

1 H-NMR (CDCI3) 5: 1 .21 (6H, d, J = 7.0 Hz), 1 .34-1 .42 (2H, m), 1 .75 (3H, s), 1 .80-2.05 (3H, m), 2.21 (3H, s), 
2.26 (3H, s), 2.31 (3H, s), 2.35-2.72 (4H, m), 2.85 (1H, septet, J = 7.0 Hz), 3.87 (2H, s), 4.04 (1H, s), 6.5-7.1 (6H, m), 
7.23-7.30 (2H, m). 

Example 56b 

4-Chloro-N-[3-(4-isopropylphenyl)-1 ' : 4,6,7-tetramethylspiro[benzofuran-2(3H),4'-piperidine]-5-yl]benzamide 

[0337] By using 3-(4-isopropylphenyl)-1 , ,4,6,7-tetramethylspiro[benzofuran-2(3H),4'-piperidine]-5-amine and 
4-chlorobenzoyl chloride, the title compound was synthesized according to Example 1b. Yield: 58%. Melting point: 
293-295°C. (Methanol) 

1 H-NMR (CDCI3) 5: 1 .09 (6H, d, J = 7.0 Hz), 1 .3-1 .4 (2H, m), 1 .7-2.7 (18H, m), 2.84 (1 H, septet, J = 7.0 Hz), 4.09 
(1H, s), 6.6-7.1 (4H, m), 7.33 (1H, br), 7.40-7.44 (2H, m), 7.79-7.83 (2H, m). 
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Example 57b 

N-(4-Chlorobenzyl)-3-(4-isopropylphenyl)-1 ' ) 4,6,7-tetramethylspiro[benzofuran-2(3H),4 , -piperidine]-5-annine 

5 [0338] By using 4-chloro-N-[3-(4-isopropylphenyl)-1 \4,6,7-tetramethylspiro[benzofuran-2(3H),4'-piperidine]-5-yl] 
benzamide, the title compound was synthesized according to Example 2b. Yield: 96%. Amorphous. 

1 H-NMR (CDCI 3 ) 8: 1 .22 (6H, d, J = 7.0 Hz), 1 .3-1 .4 (2H, m), 1 .74 (3H, s), 1 .8-2.1 (3H, m), 2.21 (3H, s), 2.25 
(3H, s), 2.30 (3H, s), 2.34-2.69 (4H, m), 2.86 (1H, septet, J = 7.0 Hz), 3.83 (2H, s), 4.04 (1H, s), 6.6-7.1 (4H, m), 7.24 
(4H, s). 

10 

Example 58b 

N-[3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl]-3,4-dimethoxybenzamide 

15 [0339] By using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine and 3,4-dimeth- 
oxybenzoyl chloride, the title compound was synthesized according to Example 1b. Yield: 71%. Melting point: 
171-173°C. (Ethyl acetate-hexane) 

1 H-NMR(CDCI 3 )8: 1 .03 (3H, s), 1.21 (6H, d, J = 7.0 Hz), 1.52 (3H,s), 1 .82 (3H, s), 2.19 (6H,s),2.85 (1H, septet, 
J = 7.0 Hz), 3.938 (3H, s), 3.943 (3H, s), 4.13 (1 H, s), 6.80-7.00 (3H, m), 7.09 (2H, d, J = 7.6 Hz), 7.22 (1 H, br s), 7.42 

20 (1 h, dd, J = 8.4, 2.2 Hz), 7.52 (1 H, d, J = 2.2 Hz). 

Example 59b 

N-(3,4-Dimethoxybenzyl)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine 
25 hydrochloride 

[0340] By using N-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-]-5-yl]-3,4-dimethoxy- 
benzamide, the title compound was synthesized according to Example 6b. Yield: 76%. Melting point: 1 81 -1 84°C. (Eth- 
anol-hexane) 

30 1 H-NMR (DMSO-d 6 ) 5: 0.92 (3H, s), 1.19 (6H, d, J = 7.0 Hz), 1.42 (3H, s), 1.69 (3H, s), 2.10 (3H, s), 2.22 (3H, 

s), 2.85 (1H, septet, J = 7.0 Hz), 3.66 (3H, s), 3.75 (3H, s), 4.17 (1H, s), 4.20-4.42 (2H, m), 6.40-6.90 (5H, m), 7.13 
(2H, d, J - 7.4 Hz), 1 0.0 (1 H, br s), 1 H unidentified. 

Example 60b 

35 

(+)-4-Fluoro-N-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl]benzamide 

[0341] By using (+)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine and 4-fluor- 
obenzoyl chloride, the title compound was synthesized according to Example 1 b. Yield: 91 %. Melting point: 251 -253°C. 
40 (Ethyl acetate-hexane) [oc]D = +74.4° (c = 0.501 , methanol) 

1 H-NMR (CDCI3) 5: 1.01 (3H, s), 1.19 (6H, d, J = 6.8 Hz), 1.50 (3H, s), 1.78 (3H, s), 2.15 (3H, s), 2.17 (3H, s), 
2.83 (1H, septet, J - 6.8 Hz), 4.12 (1H, s), 6.60-7.40 (7H, m), 7.80-7.91 (2H, m). 

Example 61b 

45 

(-i-)-N-(4-Fluorobenzyl)-3-(4-isopropylphenyl)-2,2,4 ) 6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine hydrochloride 

[0342] To a suspension of aluminum chloride (0.67 g, 5.05 mmol) in tetrahydrofuran (15 ml) was gradually added 
lithium aluminum hydride (190 mg, 5.05 mmol) under ice cooling and the resulting mixture was stirred at the same 

50 temperature for 10 minutes. To this mixture was added (+)-4-fluoro-N-[3-(4-isopropylphenyl)-2, 2,4,6, 7-pentamethyl- 
2,3-dihydro-1-benzofuran-5-yl]benzamide (0.45 g, 1 .01 mmol) and the mixture was refluxed with heating for 3 hours. 
The reaction mixture was poured into ice water and neutralized with an 8 N aqueous solution of sodium hydroxide. 
The product was extracted twice with ethyl acetate. The combined organic layers were washed with water, dried on 
magnesium sulfate, filtered, and then concentrated under reduced pressure to obtain 0.29 g of an oily free base. The 

55 free base (0.29 g, 0.67 mmol) was dissolved into a mixed solution of hydrochloric acid and methanol and solvent was 
concentrated under reduced pressure. The resulting residue was crystallized from methanol to obtain 0.27 g (56% 
yield) of the title compound. Melting point: 158-1 60°C. [oc]D = +70.7° (c = 0.461 , methanol) 

1 H-NMR (DMSO-d 6 ) 5: 0.93 (3H, s), 1.20 (6H, d, J - 6.6 Hz), 1.41 (3H, s), 1.55 (3H, s), 2.11 (3H, S), 2.31 (3H, 
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s), 2.85 (1H, septet, J = 6.6 Hz), 4.13 (1H, s), 4.31 (1H, d, J = 12.8 Hz), 4.45 (1H, d, J = 12.8 Hz), 7.02-7.29 (8H, m), 
10.3 (1H, brs), 10.8 (1H, brs). 

Example 62b 

5 

(-)-4-Fluoro-N-[3-(4-isopropylphenyl)-2,2 ( 4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]benzamide 

[0343] By using (-)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-amine and 4-fluor- 
obenzoyl chloride, the title compound was synthesized according to Example 1 b. Yield: 91 %. Melting point: 253-254°C. 
10 [<x]D = -77.4° (c = 0.500, methanol) 

1 H-NMR(CDCI 3 )6: 1.03 (3H, s), 1.21 (6H, d, J - 7.0 Hz), 1.51 (3H,s), 1 .81 (3H, s), 2.18 (6H,s), 2.85 (1H, septet, 
J = 7.0 Hz), 4.13 (1H, s), 6.8-7.4 (7H, m), 7.86-7.93 (2H, m). 

Example 63b 

15 

(-)-N-(4-Fluorobenzyl)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-amine hydrochloride 

[0344] To a suspension of aluminum chloride (351 mg, 2.63 mmol) in tetrahydrofuran (35 ml) was gradually added 
lithium aluminum hydride (101 mg, 2.67 mmol) under ice cooling and the resulting mixture was stirred at the same 
20 temperature for 10 minutes. To this mixture was added (-)-4-fluoro-N-[3-(4-isopropylphenyl)-2, 2,4,6, 7-pentamethyl- 

2.3- dihydro-1 -benzofuran-5-yl]benzamide (528 mg, 1.19 mmol) and the mixture was refluxed with heating for 2 hours. 
The reaction mixture was poured into ice water and neutralized with an 8 N aqueous solution of sodium hydroxide. 
The product was extracted twice with ethyl acetate. The combined organic layers were washed with water, dried on 
magnesium sulfate, filtered, and then concentrated under reduced pressure to obtain 502 mg of an oily free base. The 

25 free base (502 mg, 1 .17 mmol) was dissolved into a mixed solution of hydrochloric acid and methanol and the solvent 
was concentrated under reduced pressure. The resulting residue was crystallized from methanol to obtain 115 mg 
(21 % yield) of the title compound. Melting point: 1 48-1 51 °C. [a]D = -70.5° (c = 0.503, methanol) 

1 H-NMR (DMSO-d 6 ) 5: 0.92 (3H, s), 1.19 (6H ; d, J = 6.8 Hz), 1.41 (3H, s), 1.54 (3H, s), 2.11 (3H, s), 2.32 (3H, 
s), 2.85 (1H, septet, J = 6.8 Hz), 4.16 (1H, s), 4.29-4.45 (2H, m), 6.6-7.4 (BH, m), 10.2-10.6 (2H, m). 

30 

Example 64b 

3.4- Dimethoxy-N-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]benzamide 

35 [0345] By using 2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine and 3,4-dimethoxy- 
benzoyl chloride, the title compound was synthesized according to Example 1 b. Yield: 90%. Melting point: 1 69-1 71 °C. 
(Ethyl acetate-hexane) 

1 H-NMR(CDCI 3 )S: 1.03 (3H, s), 1.51 (3H, s), 1.80 (3H, s) ; 2.19 (6H, s), 2.29 (3H, s) ; 3.92 (6H, s), 4.13 (1H, s), 
6.60-7.20 (5H, m), 7.29 (1H, brs), 7.42 (1H, dd, J = 8.2, J = 2.0 Hz), 7.51 (1H, d, J = 2.0 Hz). 

40 

Example 65b 

N-(3,4-Dimethoxybenzyl)-2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine 
hydrochloride 

45 

[0346] By using 3,4-dimethoxy-N-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-yl]benza- 
mide, the title compound was synthesized according to Example 6b. Yield: 68%. Melting point: 195-198°C. (Ethanol- 
hexane) 

1 H-NMR (DMSO-d 6 ) 5: 0.93 (3H, s), 1.41 (3H, s), 1 .65 (3H, s), 2.10 (3H, s), 2.23 (3H, s), 2.27 (3H, s), 3.66 (3H, 
50 S ), 3.73 (3H, s), 4.16 (1H, s), 4.23 (1H, d, J = 12.4 Hz), 4.35 (1H, d, J = 12.4 Hz), 6.40-6.82 (5H, m), 7.08 (2H, d, J = 
7.0 Hz), 1 0.2 (1 H, br s), 1 H unidentified. 

Example 66b 

55 N-[2,2,4,6,7-Pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1-benzofuran-5-yl]-1 ,3-benzodioxol-5-carboxamide 

[0347] By using 2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine and 1 ,3-benzodioxol- 
5-carbonyl chloride, the title compound was synthesized according to Example 1b. Yield: 65%. Melting point: 
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164-165°C. (Ethyl acetate-hexane) 

1 H-NMR (CDCI 3 )5: 1.03 (3H, s), 1.51 (3H ; s), 1.79 (3H ; s) ; 2.17 (3H ; s) ; 2.18 (3H ; s) ; 2.30 (3H ; s) ; 4.12 (1H, s), 
6.03 (2H, s), 6.62-7.12 (5H, m), 7.16 (1H, brs), 7.34-7.45 (2H, m). 

5 Example 67b 

N-(1 ,3-Benzodioxol-5-ylmethyl)-2,2 ! 4,6 ; 7-pentamethyl-3-(4-rriethylphenyl)-2,3-dihydro-1 -benzofuran-5-amine 
hydrochloride 

10 [0348] By using N-[2,2,4,6 ) 7-pentamethyl-3-(4-methylphenyl)-2 J 3-dihydro-1 -benzofuran-5-yl]-1 ,3-benzodioxol- 
5-carboxamide, the title compound was synthesized according to Example 6b. Yield: 62%. Melting point: 147-149°C. 
(Ethanol-hexane) 

1 H-NMR(CDCI 3 ) 5: 0.95 (3H, s), 1.42 (3H, s), 1.72 (3H, s) ; 2.10 (3H, s), 2.25 (3H, s)„ 2.27 (3H, s), 4.17 (1H, s), 
4.28 (1H ; s), 5.97 (1H, s), 6.01 (1H, s), 6.40-7.1 8 (8H, m), 10.2 (1H, brs). 
15 [0349] The chemical structures of the compounds obtained in the above-described Examples are shown below. 



64 



EP 1 323 716 A1 



Table 3 
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Table 5 
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Formulation Example 1b 
35 [0350] 



40 



45 



50 



(1 ) The compound obtained in Example 1 9b 


50 


mg 


(2) Lactose 


34 


mg 


(3) Corn starch 


10.6 


mg 


(4) Corn starch (paste) 


5 


mg 


(5) Magnesium Stearate 


0.4 


mg 


(6) Calcium carboxymethyl cellulose 


20 


mg 


Total 


120 


mg 



[0351 ] According to a conventional method, tablets were prepared by mixing the above-described substances (1 ) to 
(6), and then subjecting the resulting mixture to a tablet compression process By using a tablet compression machine. 

[Compounds (lc)] 

Reference Example 1c 

Methyl a-bromophenylacetate 

[0352] Concentrated sulfuric acid (0.5 ml_) was added to a solution of a-bromophenylacetic acid (3.00 g, 13.9 mmol) 
in ethanol (30 mL) at room temperature, and the mixture was heated under reflux for 1 hour. The reaction mixture was 
cooled, and extracted twice with ethyl acetate. The organic layers were combined, washed with an aqueous saturated 
sodium hydrogencarbonate, then dried over magnesium sulfate, filtered, and concentrated under reduced pressure to 
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obtain the title compound (2.50 g, yield 79 %). This was oily. 

1 H-NMR (CDCI 3 ) 5: 3.78 (3H, s), 5.36 (1H, s), 7.29-7.42 (3H, m), 7.48-7.61 (2H, m). 
Reference Example 2c 

5 

1- Bromo-4-(4-morpholinyl)benzene 

[0353] Bromine (1 0.8 g, 67.4 mmol) was added to a solution of (4-morpholinyl)benzene (1 0.0 g, 61 .3 mmol) in ethanol 
(100 mL) at 0°C, and the mixture was stirred for 1 hour at room temperature. Water (100 ml_) was poured into the 
10 reaction mixture, which was then extracted twice with ethyl acetate. The organic layers were combined, washed with 
an aqueous saturated sodium hydrogencarbonate and water, then dried over magnesium sulfate, filtered, and concen- 
trated under reduced pressure. The residue was crystallized from ethyl acetate- hexane to obtain the title compound 
(1 0.7 g, yield 72%). 
m.p.: 118-120°C. 

15 1H-NMR (CDCI3) 5: 2.98-3.22 (4H, m), 3.71-3.92 (4H, m), 6.72-6.83 (2H, m), 7.31-7.42 (2H, m). 
Reference Example 3c 
1 -Bromo-4-(4-methyl-1 -piperazinyl)benzene 

20 

[0354] Sodium hydride (60 % liquid paraffin dispersion, 2.70 g, 67.8 mmol) was added to a solution of 1 -phenylpiper- 
azine (10.0 g, 61 .6 mmol) in N,N-dimethylformamide (80 mL) at 0°C, and the mixture was stirred for 1 0 minutes at the 
same temperature. To the reaction mixture was added iodomethane (8.74 g, 67.8 mmol), and the mixture was stirred 
for 30 minutes at room temperature. The reaction mixture was poured into water (80 mL), and extracted twice with 

25 ethyl acetate. The organic layers were combined, washed with water, dried over magnesium sulfate, filtered, and con- 
centrated under reduced pressure. The residue was crystallized from hexane-isopropyl ether to obtain 1 -methyl-4-phe- 
nylpiperazine (7.40 g). Bromine (7.00 g, 43.8 mmol) was added to a solution of this compound in ethanol (80 mL) at 
0°C, and the mixture was stirred for 1 hour at room temperature. Water (80 mL) was poured into the reaction mixture, 
which was then extracted twice with ethyl acetate. The organic layer was combined, washed with an aqueous saturated 

30 sodium hydrogencarbonate and water, then dried over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The residue was crystallized from ethyl acetate-hexane to obtain the title compound (8.1 g, yield 52 %). 
m.p.: 78-80°C. 

1 H-NMR (CDCI3) b: 2.35 (3H, s), 2.52-2.63 (4H, m), 3.1 3-3.26 (4H, m), 6.78 (2H, d, J = 8.8 Hz), 7.33 (2H, d, J = 8.8 Hz). 
35 Reference Example 4c 

2- Methyl-1 -[4-(4-morpholinyl)phenyl]propan-1 -one 

[0355] n-Butyllithium (1.6 M, 25.8 mL, 41.3 mmol) was added to a solution of 1 -bromo-4-(4-morpholinyl)benzene 
40 (10.0 g, 41 .3 mmol) in tetrahydrofuran (100 mL) at -78°C, and the mixture was stirred for 20 minutes at the same 
temperature. To the reaction mixture was added N-isobutyrylpropyleneimine (5.77 g. 45.4 mmol), and the mixture was 
stirred for 30 minutes at room temperature. Water (40 mL) was poured into the reaction mixture, which was then 
extracted twice with ethyl acetate. The organic layers were combined, washed with water, dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure. The residue was crystallized from hexane to obtain the title com- 
45 pound (6.50 g, yield 67 %). 
m.p.: 75-77°C. 

1 H-NMR (CDCI3) 5: 1.19 (6H, d, J = 7.0 Hz), 3.22-3.33 (4H, m), 3.50 (1H, septet, J = 7.0 Hz), 3.81-3.92 (4H, m), 
6.81-6.92 (2H, m), 7.85-8.95 (2H, m). 

50 Reference Example 5c 

2-Methyl-1 -[4-(4-methyl-1 -piperazinyl)phenyl]propan-1 -one 

[0356] Using 1 -bromo-4-(4-methyl-1 -piperazinyl)benzene the title compound was obtained in the same manner as 
55 in Reference Example 4. 
Yield: 81 %. 

m.p.: 74-76°C (from methanol). 

1H-NMR (CDCI3) 5: 1.19 (6H, d, J - 6.6 Hz), 2.35 (3H, s), 2.46-2.63 (4H, m), 3.32-3.41 (4H, m), 3.50 (1H, septet, J = 
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7.0 Hz), 6.84-6.92 (2H, m), 7.85-7.95 (2H, m). 
Reference Example 6c 

5 1 -(2,5-Dimethoxy-3,4,6-trimethylphenyl)-2-methyl-1 -[4-(4-morpholinyl)phenyl]propan-1 -ol 

[0357] n-Butyllithium (1 .6 M, 1 8.1 ml_, 29.0 mmol) was added to a solution of 1 -bromo-2,5-dimethoxy-3,4,6-trimeth- 
ylbenzene (7.52 g, 29.0 mmol) in tetrahydrofuran (50 ml_) at -78°C, and the mixture was stirred for 20 minutes at the 
same temperature. To the reaction mixture was added 2-methyl-1-[4-(4-morpholinyl)phenyl]propan-1 -one (6.15 g, 26.4 
10 mmol), and the mixture was stirred for 30 minutes at room temperature. Water (40 ml_) was poured into the reaction 
mixture, which was then extracted three times with ethyl acetate. The organic layers were combined, washed with 
water, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was crystallized 
from ethanol to obtain the title compound (8.40 g, yield 90 %). 
m.p.: 191-193°C. 

15 1H-NMR (CDCIg) 5: 0.87-1 .1 0 (6H, m), 2.1 1 (3H, s), 2.18 (3H, s), 2.45 (3H, s), 2.80-3.1 8 (8H, m), 3.62 (3H, s), 3.75-3.90 
(4H, m), 6.41 (1 H, br s), 6.82 ( 2H, d, J = 8.8 Hz), 7.34 (2H, d, J = 8.8 Hz). 

Reference Example 7c 

20 1 -(2,5-Dimethoxy-3,4,6-trimethylphenyl)-2-methyl-1 -[4-(4-methyl-1 -piperazinyl)phenyl]propan-1 -ol 

[0358] Using 2-methyl-1 -[4-(4-methyl-1 -piperazinyl)phenyl]propan-1 -one, the title compound was obtained in the 
same manner as in Reference Example 6. 
Yield: 43%. 
25 m.p.: 114-116°C (from methanol). 

1 H-NMR (CDCI 3 ) 5: 0.97 (6H, t, J = 6.6 Hz), 2.11 (3H, s), 2.18 (3H, s), 2.34 (3H, s), 2.45 (3H, s), 2.50-2.62 (4H, m), 
2.76-3.00 (1H, m), 3.02 (3H, s), 3.10-3.28 (4H, m), 3.62 (3H, s), 6.40 (1H, brs), 6.84 (2H, d. J = 8.8 Hz), 7.33 (2H, d, 
J = 8.8 Hz). 

30 Reference Example 8c 

3-(4-lsopropylphenyl)-2,2-dimethyl-2,3-dihydrobenzofuran-5-ol 

[0359] n-Butyllithium (1 .6 M, 20.8 mL, 33.2 mmol) was added to a solution of 1 -bromo-2,5-dimethoxybenzene (7.2 
35 g 5 33.2 mmol) in tetrahydrofuran (20 mL) at -78°C, and the mixture was stirred for 20 minutes at the same temperature. 
To the reaction mixture was added 1 -(4-isopropylphenyl)-2-methylpropan-1 -one (5.70 g, 30.0 mmol), and the mixture 
was stirred for 30 minutes at room temperature. Water (30 mL) was poured into the reaction mixture, which was then 
extracted three times with ethyl acetate. The organic layers were combined, washed with water, dried over magnesium 
sulfate, filtered, and concentrated under reduced pressure. A mixture of the residue and 48 % hydrobromic acid (30 
40 mL) was heated under reflux for 24 hours in an argon atmosphere. After cooled, water (30 mL) was added to the 
reaction mixture, which was then extracted twice with ethyl acetate. The organic layers were combined, washed with 
water, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was crystallized 
from isopropyl ether-hexane to obtain the title compound (2.1 g, yield 70 %). 
m.p.: 102-104°C. 

45 1H-NMR (CDCI 3 ) 8: 0.96 (3H, s), 1 .25 (6H, d, J = 7.0 Hz), 1 .57 (3H, s), 2.90 (1 H, septet, J = 7.0 Hz), 4.28 (1 H, s), 4.67 
(1H, s), 6.53-6.85 (3H, m), 7.02 (2H, d, J = 8.0 Hz), 7.16 (2H, d, J = 8.0 Hz). 

Reference Example 9c 

50 2,2,4,6,7-Pentamethyl-3-[4-(4-morpholinyl)phenyl]-2,3-dihydrobenzofuran-5-ol 

[0360] A mixture of 1 -(2,5-dimethoxy-3,4,6-trimethylphenyl)-2-methyl-1 -[4-(4-morpholinyl)phenyl]propan-1 -ol (8.00 
g, 1 9.3 mmol) and 48 % hydrobromic acid (1 00 mL) was heated under reflux for 3 hours in an argon atmosphere. After 
cooled, an aqueous saturated sodium hydrogencarbonate (30 mL) was added to the reaction mixture, which was then 
55 extracted twice with ethyl acetate. The organic layers were combined, washed with water, dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure. The residue was crystallized from isopropyl ether-hexane to obtain 
the title compound (6.40 g, yield 90 %). 
m.p.: 91-93°C. 
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1 H-NMR (CDCI 3 ) 5: 1.00 (3H, s), 1.46 (3H, s), 1.82 (3H, s), 2.15 (3H, s), 2.17 (3H, s), 2.98-3.24 (4H, m), 3.71-3.99 
(4H ; m), 4.04 (1H, s) ; 4.18 (1H ; s), 6.44-7.10 (4H ; m). 

Reference Example 10c 

5 

2,2,4,6,7-Pentamethyl-3-[4-(4-methyl-1 -piperazinyl)phenyl]-2,3-dihydrobenzofu ran-5-ol 

[0361] Using 1 -(2,5-dimethoxy-3,4,6-trimethylphenyl)-2-methyl-1 -[4-(4-methyl-1 -piperazinyl)phenyl]propan-1 -ol the 
title compound was obtained in the same manner as in Reference Example 9. 
10 Yield: 55%. 

m.p.: 159-1 61 °C (from ethyl acetate-hexane). 

1 H-NMR (CDCI3) 6: 1.00 (3H, s), 1.46 (3H, s), 1.81 (3H, s), 2.17 (6H, s), 2.34 (3H, s), 2.48-2.65 (4H, m), 3.08-3.22 
(4H, m), 4.03 (1H, s), 6.58-7.20 (4H, m), 1H not confirmed. 

15 Reference Example 11c 

1 -(4-lsopropylphenyl)propan-1 -ol 

[0362] Propionyl chloride (1 1 .6 g, 1 25 mmol) was dropwise added to a suspension of aluminum chloride (16.7 g, 1 25 
20 mmol) and cumene (18.0 g, 1 50 mmol) in carbon disulfide (30 ml_) at -5°C, and the mixture was stirred for 30 minutes 
at room temperature. The reaction mixture was poured into ice water, and the organic layer was separated, washed 
with an aqueous saturated sodium hydrogencarbonate and water, dried over magnesium sulfate, filtered, and concen- 
trated under reduced pressure to obtain 1 -(4-isopropylphenyl)propan-1 -one (24.7 g). Sodium borohydride (1 .29 g, 34.2 
mmol) was added to a solution of the thus-obtained compound (13.0 g, 68.4 mmol) in ethanol (80 ml_) under ice cooling, 
25 and the mixture was stirred for 30 minutes at room temperature. Water was added to the reaction mixture, which was 
then extracted with ethyl acetate. The organic layer was washed with water, dried over magnesium sulfate, filtered, 
and concentrated under reduced pressure to obtain the title compound (11 .5 g, yield 79 %). This was oily. 
1 H-NMR (CDCI3) 6: 0.91 (3H, t, J = 7.4 Hz), 1 .25 (6H, d, J = 7.0 Hz), 1 .63-1 .92 (2H, m), 1 .94 (1 H, br s), 2.90 (1 H, 
septet, J = 7.0 Hz), 4.47-4.61 (1H, m), 7.16-7.29 (4H, m). 

30 

Reference Example 12c 

2- [1-(4-lsopropylphenyl)propyl]-3,5 ; 6-trimethyl-1 ,4-benzoquinone 

35 [0363] Boron trifluoride/ethyl ether complex (1 .30 g, 9.33 mmol) was dropwise added to a suspension of 1 -(4-isopro- 
pylphenyl)propan-1 -ol (5.00 g, 28.0 mmol) and trimethylhydroquinone (4.30 g, 28.0 mmol) in 1 ,2-dichloroethane (1 00 
ml_) at 60°C under a nitrogen atmosphere, and the mixture was stirred for 3 hours at the same temperature. After 
cooling, the reaction mixture was washed with an aqueous solution of iron(lll) chloride and water, dried over magnesium 
sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to silica gel column chroma- 

40 tography (hexane/ethyl acetate = 30/1) to obtain the title compound (5.40 g, yield 62 %). 
m.p.: 61-63°C (from methanol). 

1 H-NMR (CDCI 3 )5: 0.91 (3H, t, J - 7.4 Hz), 1.22 (6H, d, J = 6.8 Hz), 1 .83-2.11 (11 H, m), 2.85 (1H, septet, J - 6.8 Hz), 
4.02-4.23 (1H, m), 7.02-4.24 (4H, m). 

45 Reference Example 13c 

3- (4-lsopropylphenyl)-2,4,6,7-tetramethylbenzofuran-5-ol 

[0364] A solution of 2-[1 -(4-isopropylphenyl)propyl]-3,5,6-trimethyl-1 ,4-benzoquinone (1 .00 g, 0.324 mmol) in etha- 
50 nol (1 .00 liter) was stirred for 5 hours while cooling it with ice-water to keep the solution at room temperature and while 
exposing it to light from 400 W Bromcinelight Deluxe (manufactured by LPL Co.). The solvent was removed under 
reduced pressure, and the residue was subjected to silica gel column chromatography (hexane/ethyl acetate = 20/1 ) 
to obtain the title compound (0.90 g, yield 90 %). This was oily. 

1 H-NMR (CDCI3) 5: 1 .31 (6H, d, J = 7.0 Hz), 1 .98 (3H, s), 2.28 (3H, s), 2.30 (3H, s), 2.43 (3H, s), 2.97 (1 H, septet, J 
55 = 7.0 Hz), 4.43 (1H, s), 7.26 (4H, s). 
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Reference Example 14c 

2,3,6-Trimethyl-4-[(3-phenyl-2-propenyl)oxy]phenyl acetate 

5 [0365] To a solution of 4-hydroxy-2,3,6-trimethylphenyl acetate (10.0 g, 51 .5 mmol) in N,N-dimethylformamide (100 
mL) was added 1 -chloro-3-phenyl-2-propene (7.86 g, 51.5 mmol) and potassium carbonate (7.10 g, 51.5 mmol) and 
the mixture was stirred under an argon atmosphere at 60°C for 2 hours. To this reaction mixture was added water and 
the product was extracted twice with ethyl acetate. The combined extracts was washed with water, dried over magne- 
sium sulfate, and concentrated under reduced pressure. The residue was crystallized from methanol to obtain the title 

10 compound (13.0 g, yield 81%). 
m.p.: 104-107°C. 

1 H-NMR (CDCI 3 ) 8: 2.06 (3H, s), 2.13 (3H, s), 2.18 (3H, s), 2.34 (3H, s), 4.66 (2H, dd, J = 5.6, 1 .2 Hz), 6.43 (1H, dt, J 
= 16.2, 5.6 Hz), 5.63 (1H, s), 6.74 (1H, d, J = 16.2 Hz), 7.24-7.46 (5H, m). 

15 Reference Example 15c 

4-Hydroxy-2,3 ; 6-trimethyl-5-(1 -phenyl-2-propenyl)phenyl acetate 

[0366] A solution of 2,3,6-trimethyl-4-[(3-phenyl-2-propenyl)oxy]phenyl acetate (10.0 g, 32.2 mmol) in N,N-dimeth- 
20 ylaniline (70 mL) was stirred under an argon atmosphere at 200°C for 3 h. After the reaction mixture was cooled, it 
was diluted with ethyl acetate, washed with 2N hydrochloric acid and water, and dried over magnesium sulfate, and 
concentrated under reduced pressure. The residue was recrystallized from ethyl acetate- hexane to obtain the title 
compound (7.80 g, yield 78 %). 
m.p.: 136-138°C. 

25 1 H-NMR (CDCI3) 5: 2.06 (6H, s), 2.11 (3H, s), 2.33 (3H, s), 4.83-5.1 8 (2H, m), 5.36 (1H, d, J = 10.0 Hz), 6.32-6.58 (1 H, 
m), 7.18-7.37 (5H, m), 1H not confirmed. 

Reference Example 16c 

30 2,4,6,7-Tetramethyl-3-phenylbenzofuran-5-yl acetate 

[0367] To a suspension of 4-hydroxy-2,3,6-trimethyl-5-(1 -phenyl-2-propenyl)phenyl acetate (5.1 0 g, 1 6.4 mmol) and 
calcium carbonate (2.13 g, 21.3 mmol) in tetrahydrofuran (20 mL) and methanol (20 mL) was added benzyltrimethyl- 
ammonium dichloroiodate (6.28 g, 18.0 mmol) slowly. The mixture was stirred at room temperature for 30 minutes. 

35 The insoluble material was removed by filtration and the filtrate was concentrated under reduced pressure. To the 
residue was added ethyl acetate and water. The organic layer was separated and the aqueous layer was extracted 
twice with ethyl acetate. The combined organic layers were washed with 10% aqueous sodium hydrogen sulfite, water 
an aqueous saturated solution of sodium bicarbonate and an aqueous saturated solution of sodium chloride, dried 
over magnesium sulfate, and then concentrated under reduced pressure to provide 5.30 g of 2-iodomethyl-4,6,7-tri- 

40 methyl-3-phenyl-2,3-dihydrobenzofuran-5-yl acetate. A mixture of this compound (5.30 g, 12.1 mmol) and 1 ,8-diazabi- 
cyclo[5,4,0]-7-undecene (9.0 m, 60.0 mmol) in toluene (20 mL) was stirred under an argon atmosphere at 100°C for 
3 hours. To the reaction mixture was added water, and the mixture was extracted twice with ethyl acetate. The extract 
was washed with 2N hydrochloric acid and water, dried over magnesium sulfate, and concentrated under reduced 
pressure. The residue was purified by silica gel column chromatography (hexane/ethyl acetate = 20/1) to obtain the 

45 title compound (4.0 g, yield 79 %). This was oily. 

1 H-NMR (CDCI3) 5: 1.85 (3H, s), 2.15 (3H, s), 2.30 (3H, s), 2.33 (3H, s), 2.44 (3H, s), 7.32-7.48 (5H, m). 

Reference Example 17c 

50 2,4,6,7-Tetramethyl-3-phenylbenzofuran-5-ol 

[0368] To a solution of 2,4,6,7-tetramethyl-3-phenylbenzofuran-5-yl acetate (4.00 g, 13.0 mmol) in a mixture of tet- 
rahydrofuran (32 mL) and methanol (8 mL) was added 8N sodium hydroxide solution (2.0 mL) dropwise and the mixture 
was stirred at 40°C for 1 hour. The solvent was then distilled off under reduced pressure. To the residue was added 
55 2N hydrochloric acid, and the mixture was extracted with ethyl acetate. The extract was washed with water and an 
aqueous saturated solution of sodium chloride, dried over magnesium sulfate, and concentrated under reduced pres- 
sure. The residue was recrystallized from isopropyl ether-hexane to obtain the title compound (3.0 g, yield 87 %). 
m.p.: 102-104°C. 
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1 H-NMR (CDCI 3 ) 5: 1.96 (3H, s), 2.28 (3H, s), 2.29 (3H, s) ; 2.44 (3H, s), 4.42 (1H, s), 7.28-7.43 (5H, m). 

Reference Example 18c 

5 1 -(2,4-Dimethoxyphenyl)-1 -(4-isopropylphenyl)-2-methylpropan-1 -ol 

[0369] Using 1 -bromo-2,4-dimethoxybenzene and 1 -(4-isopropylphenyl)-2-methylpropan-1 -one the title compound 
was obtained in the same manner as in Reference Example 6. Yield 56 %. 
m.p.: 80-81 °C (from methanol). 
10 1H-NMR(CDCI 3 ) 5: 0.75 (3H, d, J = 6.6 Hz), 1 .08 (3H, d, J = 6.6 Hz), 1 .20 (6H, d, J = 7.0 Hz), 2.66 (1 H, septet, J = 7.0 
Hz), 2.80 (1 H, septet, J - 6.6 Hz), 3.48 (3H, s), 3.79 (3H, s), 4.71 (1 H, s), 6.39-6.40 (1 H, m), 6.50-6.56 (1 H, m), 7.04-7.08 
(2H, m), 7.19-7.23 (2H, m), 7.40-7.44 (1H, m). 

Reference Example 19c 

15 

3- (4-lsopropylphenyl)-2,2-dimethyl-2,3-dihydrobenzofuran-6-ol 

[0370] A mixture of 1 -(2,4-dimethoxyphenyl)-1 -(4-isopropylphenyl)-2-methylpropan-1 -ol (5.58 g. 1 7.0 mmol) and 48 
% hydrobromic acid (30 ml_) was heated under reflux for 24 hours under an argon atmosphere. After the reaction 

20 mixture was cooled to room temperature, an aqueous saturated sodium hydrogencarbonate was added to the mixture, 
which was then extracted twice with ethyl acetate. The extracts were combined, washed with an aqueous saturated 
sodium hydrogencarbonate, dried over magnesium sulfate, and concentrated under reduced pressure. The residue 
was subjected to silica gel column chromatography (hexane/ethyl acetate = 20/1 to 1 0/1 ) to obtain the title compound 
(2.43 g, yield 51 %). 

25 m.p.: 114-115°C (from hexane). 

1 H-NMR(CDCI 3 ) 5: 0.95 (3H ; s), 1 .24 (6H, d, J = 7.0 Hz), 1 .57 (3H, s), 2.89 (1 H, septet, J = 7.0 Hz), 4.25 (1 H, s), 6.15 
(1H, br), 6.34-6.38 (2H, m), 6.84-6.88 (1H, m), 6.99-7.03 (2H, m), 7.1 3-7.1 7 (2H, m). 

Reference Example 20c 

30 

4- (4-lsopropylbenzoyl)piperidine 

[0371] To 1-acetylisonipecotic acid (41.74 g, 243.8 mmol) was added thionyl chloride (200 ml_), and the resulting 
mixture was stirred for 30 minutes. The mixture was diluted with petroleum ether. The precipitated solid was collected 

35 and washed with petroleum ether to afford 1 -acetylisonipecotoyl chloride. This was added to a suspension of cumene 
(120 mL) and aluminum chloride (69.6 g, 522 mmol) and the resulting mixture was stirred at 110°C for 1 hour. After 
cooling to room temperature, the reaction mixture was poured into ice water, and extracted twice with ethyl acetate. 
The organic layers were combined, washed with an aqueous saturated solution of sodium chloride, dried over mag- 
nesium sulfate, filtered, and concentrated under reduced pressure. To the residue was added concentrated hydrochloric 

40 acid (1 00 mL), and the mixture was ref luxed for 1 2 hours. The mixture was cooled to room temperature and was washed 
twice with diethyl ether. The aqueous solution was made basic with 8N sodium hydroxide solution and then extracted 
twice with ethyl acetate. The organic layers were combined, washed with an aqueous saturated sodium hydrogencar- 
bonate, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was crystallized 
from ethyl acetate-hexane to obtain the title compound (23.5 g, yield 41 %). 

45 m.p.: 55-57°C. 

1 H-NMR(CDCI 3 ) 5: 1 .27 (6H, d, J = 6.8 Hz), 1 .57-2.70 (5H, m), 2.70-2.83 (2H, m), 2.97 (1 H, septet, J = 6.8 Hz), 3.1 6-3.22 
(2H, m), 3.34-3.46 (1H, m), 7.30-7.34 (2H, m), 7.87-7.91 (2H, m). 

Reference Example 21c 

50 

1-Benzyl-4-(4-isopropylbenzoyl)piperidine 

[0372] To a solution of 4-(4-isopropylbenzoyl)piperidine in N,N-dimethylformamide (100 mL), potassium carbonate 
(9.60 g, 69.5 mmol) and benzyl bromide (8.50 g, 71 .5 mmol) were added, and the resulting mixture was stirred for 20 
55 hours at room temperature. The mixture was poured into water, and extracted twice with ethyl acetate. The organic 
layers were combined, washed with an aqueous saturated sodium hydrogencarbonate, dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure. The residue was crystallized from hexane to obtain the title com- 
pound (13.53 g, yield 66 %). 
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m.p.: 76-77°C. 

1 H-NMR(CDCI 3 ) 5: 1.26 (6H, d, J = 7.0 Hz), 1.79-1.90 (4H ; m), 2.07-2.20 (2H, m) ; 2.92-2.99 (3H, m), 3.15-3.30 (1H, 
m), 3.55 (2H, s), 7.24-7.32 (7H, m) ! 7.85-7.89 (2H, m). 

5 Reference Example 22c 

(1 -Benzyl-4-piperidyl)(2,5-dimethoxy-3,4 J 6-trimethylphenyl)(4-isopropylphenyl)metha 

[0373] n-Butyllithium (1,6M, 1 2.0 ml_, 1 9.2 mmol) was added to a solution of 1 -bromo-2,5-dimethoxy-3,4,6-trimeth- 
10 ylbenzene (4.89 g, 18.87 mmol) in tetrahydrofuran (100 ml_) at -78°C under an argon atmosphere, and the mixture 
was stirred for 30 minutes at the same temperature. To the reaction mixture was added a solution of 1-benzyl-4-(4-iso- 
propylbenzoyl)piperidine (5.02 g, 15.6 mmol) in tetrahydrofuran (10 ml) and the mixture was stirred for 30 minutes at 
room temperature. To the mixture was then added water, and the product was extracted twice with ethyl acetate. The 
extracts were combined, washed with an aqueous saturated solution of sodium chloride, dried over magnesium sulfate, 
15 and concentrated under reduced pressure. The residue was crystallized from ethyl acetate-hexane to obtain the title 
compound (6.54 g, yield 83 %). 
m.p.: 105-108°C. 

1 H-NMR(CDCI 3 ) 5: 1 .1 9 (6H, d, J = 6.6 Hz), 1 .2-1 .5 (2H, m), 1 .8-2.0 (4H, m), 2.09 (3H, s), 2.17 (3H, s), 2.39 (3H, s), 
2.4-2.5 (1 H, m), 2.78-2.88 (3H, m), 2.97 (3H, s), 3.51 (2H, s), 3.60 (3H, s), 6.37 (1 H, br), 7.08-7.1 2 (2H, m), 7.26-7.34 
20 (7H, m). 

Reference Example 23c 

1'-Benzyl-3-(4-isopropylphenyl)-4,6,7-trimethylspiro[benzofuran-2(3H),4 , -piperidine]-5-ol 

25 

[0374] To a solution of (1 -benzyl-4-piperidyl)(2,5-dimethoxy-3,4,6-trimethylphenyl)(4-isopropylphenyl)methanol 
(6.41 g, 12.8 mmol) in acetic acid (50 ml_) was added 48% hydrobromic acid (60 mL), and the mixture was heated 
under reflux for 15 hours under an argon atmosphere. The reaction mixture was cooled to room temperature, made 
basic with 8N sodium hydroxide solution, and extracted twice with ethyl acetate. The extracts were combined, washed 
30 with an aqueous saturated sodium hydrogencarbonate, dried over magnesium sulfate, and concentrated under reduced 
pressure. The residue was crystallized from ethyl acetate-hexane to obtain the title compound (4.44 g, yield 76 %). 
m.p.: 190-192°C. 

1 H-NMR(CDCI 3 ) 5: 1.19 (6H, d, J = 7.0 Hz), 1.21-1.41 (2H, m), 1.71-2.00 (5H, m), 2.17 (3H ; s), 2.20 (3H, s), 2.27-2.90 
(5H, m), 2.97 (3H, s), 3.54 (2H, s), 4.02 (1H, s), 6.6-7.1 (4H, m), 7.20-7.32 (5H, m), 1H not confirmed. 

35 

Reference Example 24c 

3-(4-lsopropylphenyl)-4,6,7-trimethylspiro[benzofuran-2(3H),4'-piperidine]-5-ol hydrochloride 

40 [0375] To a solution of 1 '-benzyl-3-(4-isopropylphenyl)-4,6,7-trimethylspiro[benzofuran-2(3H),4'-piperidine]-5-ol 
(3.51 g, 7.70 mmol) and triethylamine (1 .1 mL, 7.9 mmol) in chloroform (40 mL), which was precooled at 0°C, 1-chlo- 
roethyl chloroformate (2.30 g, 1 6.1 mmol) was added. The mixture was heated under reflux for 1 hour and concentrated 
under reduced pressure. The residue was heated under reflux in methanol (20 mL) for 1 hour and concentrated under 
reduced pressure. The residue was crystallized from ethanol-ethyl acetate to obtain the title compound (2.80 g, yield 

45 90 %). 

m.p.: >245°C (dec.) 

1 H-NMR(d 6 -DMSO) 5: 1.18 (6H, d, J = 6.6 Hz), 1.34 (2H, br), 1.71 (3H, s), 1.97 (2H, br), 2.08 (3H, s), 2.11 (3H, s), 
2.8-3.3 (5H, m), 4.26 (1H, s), 6.6-7.2 (4H, m), 7.53 (1H, s), 8.78 (1H, s), 1H not confirmed. 

50 Reference Example 25c 

3-(4-lsopropylphenyl)-1',4,6,7-tetramethylspiro[benzofuran-2(3H),4 , -piperidine]-5-ol 

[0376] A mixture of 3-(4-isopropylphenyl)-4,6,7-trimethylspiro[benzofuran-2(3H),4'-piperidine]-5-ol hydrochloride 
55 (2.80 g, 6.97 mmol), formic acid (30 mL) and 37% formalin (30 mL) was stirred for 15 hours at 100°C. The reaction 
mixture was cooled to room temperature, made basic with 8N sodium hydroxide solution, and extracted twice with 
ethyl acetate. The extracts were combined, washed with an aqueous saturated sodium hydrogencarbonate, dried over 
magnesium sulfate, and concentrated under reduced pressure. The residue was subjected to column chromatography 
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(Chromatorex NH DM1020, Fuji Silysia Chemical LTD) (hexane/ethyl acetate = 1/1) to obtain the title compound (2.05 
g, yield 77 %). 

m.p.: 114-117°C (from ethyl acetate-hexane). 

1 H-NMR(CDCI 3 ) 5: 1.18-1.39 (8H, m), 1.72-2.91 (19H, m), 4.02 (1H, m), 6.6-7.1 (4H, m), 1H not confirmed. 

5 

Reference Example 26c 

(1 -Benzyl-4-piperidyl)(2,5-dimethoxy-3,4,6-trimethylphenyl)methanol 

10 [0377] n-Butyllithium (1 .6 M, 1 9.5 mL, 31 .2 mmol) was added to a solution of 1 -bromo-2,5-dimethoxy-3,4,6-trimeth- 
ylbenzene (8.00 g, 30.87 mmol) in tetrahydrofuran (80 ml_) at -78°C, and the mixture was stirred for 30 minutes at the 
same temperature. To the reaction mixture was added a solution of 1 -benzyl-4-formylpiperidine (6.23 g, 30.65 mmol) 
in tetrahydrofuran (20 ml). The mixture was stirred for 30 minutes at room temperature, then poured into water, and 
extracted twice with ethyl acetate. The extracts were combined, washed with an aqueous saturated sodium hydrogen- 

15 carbonate, dried over magnesium sulfate, and concentrated under reduced pressure. The residue was subjected to 
silica gel column chromatography (ethyl acetate) to obtain the title compound (6.17 g, yield 52 %). This was oily. 
1 H-NMR(CDCI 3 ) 5: 1.17-2.05 (7H, m) ; 2.16 (3H, s), 2.17(3H, s), 2.24 (3H, s), 2.79-2.85 (1H : m), 2.98-3.05 (1H, m), 
3.48 (2H, s), 3.61 (3H, s), 3.75 (3H, s), 4.59 (1H, m), 7.23-7.32 (5H, m), 1H not confirmed. 

20 Reference Example 27c 

1 , -Benzyl-4,6,7-trimethylspiro[benzofuran-2(3H),4'-piperidine]-5-ol 

[0378] To a solution of (1 -benzyl-4-piperidyl)(2 ; 5-dimethoxy-3,4,6-trimethylphenyl)methanol (6.10 g, 15.9 mmol) in 
25 acetic acid (30 ml_) was added 48% hydrobromic acid (40 mL), and the mixture was heated under reflux for 2.5 hours 
under an argon atmosphere. The reaction mixture was cooled to room temperature, made basic with 8N sodium hy- 
droxide solution, and extracted twice with ethyl acetate. The extracts were combined, washed with an aqueous satu- 
rated sodium hydrogencarbonate, dried over magnesium sulfate, and concentrated under reduced pressure. The res- 
idue was subjected to silica gel column chromatography (hexane/ethyl acetate = 1/1 ) to obtain the title compound (4.60 
30 g, yield 86 %). This was amorphous. 

1 H-NMR(CDCI 3 ) 5: 1 .71-2.00 (6H, m), 2.10 (3H, s), 2.11 (3H, s), 2.12 (3H, s) ; 2.58 (2H, m) ; 2.87 (2H, s), 3.56 (2H, s), 
7.25-7.38 (5H, m), 1H not confirmed. 

Example 1c 

35 

5-Benzyloxy-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran 

[0379] Sodium hydride (60 % liquid paraffin dispersion, 68 mg, 1 .70 mmol) was added to a solution of 3-(4-isopro- 
pylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol (0.5 g, 1.54 mmol) in N,N-dimethylformamide (20 mL) 

40 at 0°C, and the mixture was stirred for 1 0 minutes at the same temperature. To the reaction mixture was added benzyl 
bromide (290 mg, 1.70 mmol) and the mixture was stirred for further 30 minutes at room temperature. The reaction 
mixture was poured into water (30 mL), and extracted twice with ethyl acetate. The organic layers were combined, 
washed with water, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue 
was crystallized from methanol to obtain the title compound (380 mg, yield 60 %). 

45 m.p.: 79-81°C. 

1 H-NMR (CDCI 3 ) 5: 1.01 (3H, s), 1.22 (6H, d, J = 6.8 Hz), 1.50 (3H, s), 1.83 (3H, s), 2.16 (3H, s), 2.24 (3H, s), 2.86 
(1 H, septet, J = 6.8 Hz), 4.09 (1 H, s), 4.70 (2H, s), 6.70-7.00 (2H, br), 7.09 (2H, d, J = 8.4 Hz), 7.30-7.50 (5H, m). 

Example 2c 

50 

5-Benzyloxy-3-[4-(dimethylamino)phenyl]-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran 

[0380] Using 3-[4-(dimethylamino)phenyl]-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol and benzyl bromide, 
the title compound was obtained in the same manner as in Example 1c. 
55 Yield; 40%. 

m.p.: 110-112°C (from methanol). 

1 H-NMR (CDCI3) 5: 1.03 (3H, s), 1.48 (3H, s), 1.87 (3H, s), 2.16 (3H, s), 2.23 (3H, s), 2.91 (6H, s), 4.04 (1H, s), 4.70 
(2H, s), 6.48-7.16 (4H, m), 7.20-7.48 (5H, m). 
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Example 3c 

5-Benzyloxy-2,4,6y-tetramethyl-2-(4-phenyl-1-piperazinyl)methyl-2,3-dihydrobenzofuran 

[0381] Using 2,4,6,7-tetramethyl-2-(4-phenyl-1 -piperazinyl)methyl-2,3-dihydrobenzofuran-5-ol and benzyl bromide, 
the title compound was obtained in the same manner as in Example 1c. 
Yield: 48%. 

m.p.: 120-121 °C (from methanol). 

1 H-NMR (CDCI 3 ) 5: 1.47 (3H, s), 2.09 (3H, s), 2.16 (3H, s), 2.20 (3H, s), 2.58-2.92 (7H, m), 3.08-3.22 (5H, m), 4.71 
(2H, s), 6.78-6.94 (3H, m), 7.20-7.52 (7H, m). 

Example 4c 

3-(4-lsopropylphenyl)-5-(4-methoxybenzyloxy)-2,2 ! 4,6,7-pentamethyl-2,3-dihydrobenzofuran 

[0382] Using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol and 4-methoxybenzyl chlo- 
ride, the title compound was obtained in the same manner as in Example 1c. 
Yield; 49%. 

m.p.: 95-96°C (from methanol). 

1 H-NMR (CDCI3) 8: 1.00 (3H, s), 1.22 (6H, d, J = 7.0 Hz), 1.49 (3H, s), 1.82 (3H, s), 2.16 (3H, s), 2.23 (3H, s), 2.86 
(1H, septet, J = 7.0 Hz), 3.81 (3H, s), 4.08 (1H, s), 4.63 (2H, s), 6.70-7.18 (6H, m), 7.35 (2H, d, J = 8.8 Hz). 

Example 5c 

3-(4-lsopropylphenyl)-5-(4-methoxybenzyloxy)-2,2-dimethyl-2,3-dihydrobenzofuran 

[0383] Using 3-(4-isopropylphenyl)-2,2-dimethyl-2,3-dihydrobenzofuran-5-ol and 4-methoxybenzyl chloride, the title 
compound was obtained in the same manner as in Example 1c. 
Yield: 75%. 

m.p.: 124-126°C (from ethyl acetate- hexane). 

1 H-NMR (CDCI3) 5: 0.95 (3H, s), 1 .25 (6H, d, J = 7.0 Hz), 1 .57 (3H, s), 2.90 (septet, 1 H, J = 7.0 Hz), 3.71 (3H, s), 4.30 
(1 H, s), 4.87 (2H, s), 6.65-7.35 (11 H, m). 

Example 6c 

3-[4-(Dimethylamino)phenyl]-5-(4-methoxybenzyloxy)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran 

[0384] Using 3-[4-(dimethylamino)phenyl]-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol and 4-methoxybenzyl 
chloride, the title compound was obtained in the same manner as in Example 1c. 
Yield: 42%. 

m.p.: 105-107°C (from ethanol). 

1 H-NMR (CDCI3) 5: 1.02 (3H, s), 1 .48 (3H, s), 1.84 (3H, s), 2.15 (3H, s), 2.23 (3H, s), 2.92 (6H, s), 3.81 (3H, s), 4.04 
(1H, s), 4.58-4.69 (2H, m), 6.54-6.93 (6H, m), 7.30-7.42 (2H, m). 

Example 7c 

5-(4-Methoxybenzyloxy)-3-[4-(4-morpholinyl)phenyl]-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran 

[0385] Using 2,2,4,6,7-pentamethyl-3-[4-(4-morpholinyl)phenyl]-2 ! 3-dihydrobenzofuran-5-ol and 4-methoxybenzyl 
chloride, the title compound was obtained in the same manner as in Example 1c. 
Yield: 38%. 

m.p.: 110-112°C (ethanol). 

1 H-NMR (CDCI3) S: 1.01 (3H, s), 1.48 (3H, s), 1.83 (3H, s), 2.15 (3H, s), 2.23 (3H, s), 3.02-3.26 (4H, m), 3.71-3.99 
(7H, m), 4.05 (1H, s), 4.57-4.90 (2H, m), 6.60-7.00 (6H, m), 7.35 (2H, d, J = 6.8 Hz). 
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Example 8c 

5-(4-Methoxybenzyloxy)-2,2,4,6,7-pentamethyl-3-[4-(4-methyl-1 -piperazinyl)phenyl]-2,3-dihydrobenzofuran 

5 [0386] Using 2,2,4.6,7-pentamethyl-3-[4-(4-methyl-1 -piperazinyl)phenyl]-2,3-dihydrobenzofuran-5-ol and 4-meth- 
oxybenzyl chloride, the title compound was obtained in the same manner as in Example 1 c. 
Yield: 42%. 

m.p.: 121-122°C (from ethyl ether-hexane). 

1 H-NMR (CDCI 3 ) 5: 1 .01 (3H, s), 1 .48 (3H, s), 1 .83 (3H, s), 2.15 (3H, s), 2.23 (3H, s), 2.34 (3H, s), 2.52-2.63 (4H, m), 
10 3.13-3.24 (4H, m), 3.81 (3H, s), 4.05 (1H, s), 4.58-4.67 (2H, m), 6.60-7.07 (6H, m), 7.35 (2H, d, J = 8.8 Hz). 

Example 9c 

3-(4-lsopropylphenyl)-2,2 ) 4,6,7-pentamethyl-5-(4-methylthiobenzyloxy)-2 ! 3-dihydrobenzofuran 

15 

[0387] Using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol and 4-(bromomethyl)phenyl 
methyl sulfide, the title compound was obtained in the same manner as in Example 1c. 
Yield: 70%. 

m.p.: 118-120°C (from ethanol). 
20 1H-NMR (CDCI3) 5: 1.01 (3H, s), 1.22 (6H, d, J = 7.0 Hz), 1.49 (3H, s), 1.82 (3H, s), 2.16 (3H, s), 2.22 (3H, s), 2.48 
(3H, s), 2.86 (1H, septet, J = 7.0 Hz), 4.08 (1H, s), 4.65 (2H, s), 6.80-7.02 (2H, br), 7.08 (2H, d, J = 8.0 Hz), 7.25 (2H, 
d, J = 8.4 Hz), 7.36 (2H, d, J = 8.4 Hz). 

Example 1 0c 

25 

3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-5-[4-(methylsulfinyl)benzyloxy]-2.3-dihydrobenzofuran 

[0388] Sodium periodate (0.766 g, 3.58 mmol) was added to a solution of 3-(4-isopropylphenyl)-2,2,4,6,7-pentam- 
ethyl-5-(4-methylthiobenzyloxy)-2,3-dihydrobenzofuran (1.50 g, 3.26 mmol) in a mixture of ethanol (80 mL) and water 
30 (8 mol), and the mixture was heated under reflux for 2 hours. To the reaction mixture were added ethyl acetate and 
water to separate it into two layers, and the aqueous layer was extracted with ethyl acetate. The organic layers were 
combined, washed with water, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The 
resulting residue was recrystallized from ethyl acetate-hexane to obtain the title compound (1 .23 g, yield 79 %). 
m.p.: 132-134°C. 

35 1H-NMR (CDCI3) 5: 1.02 (3H, s) ; 1.22 (6H, d, J - 6.8 Hz), 1.50 (3H, s), 1.82 (3H, s), 2.17 (3H, s), 2.23 (3H, s), 2.71 , 
2.72 (1.5H x2, s x2), 2.86 (1H, septet, J = 6.8 Hz), 4.09 (1H, s), 4.76 (2H, s), 6.71-7.15 (4H, m), 7.57-7.69 (4H, m). 

Example 11c 

40 3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-5-[4-(methylsulfonyl)benzyloxy]-2,3-dihydrobenzofuran 

[0389] Sodium periodate (2.02 g, 9.45 mmol) was added to asolution of 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl- 
5-[(4-methylsulfinyl)benzyloxy]-2,3-dihydrobenzofuran (1 .50 g, 3.15 mmol) in a mixture of ethanol (80 mL) and water 
(8 mol), and the mixture was heated under reflux for 1 8 hours. To the reaction mixture were added ethyl acetate and 
45 water to separate it into two layers, and the aqueous layer was extracted with ethyl acetate. The organic layers were 
combined, washed with water, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The 
resulting residue was recrystallized from ethyl acetate-hexane to obtain the title compound (1 .05 g, yield 68 %). 
m.p.: 161-162°C. 

1 H-NMR (CDCI3) 6: 1.02 (3H, s), 1.22 (6H, d, J = 7.0 Hz), 1.50 (3H, s), 1.82 (3H, s), 2.17 (3H, s), 2.22 (3H, s), 2.87 
50 (1H, septet, J = 7.0 Hz), 3.05 (3H, s), 4.09 (1H, s), 4.80 (2H, s), 6.70-7.13 (4H, m), 7.67 (2H, d, J = 8.4 Hz), 7.95 (2H, 
d, J - 8.4 Hz). 

Example 12c 

55 3-(4-lsopropylphenyl)-2,2 ! 4,6,7-pentamethyl-5-(3-phenyl-2-propen-1-yloxy)-2,3-dihydrobenzofuran 

[0390] Using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol and 3-bromo-1 -phenyl-1 -pro- 
pene, the title compound was obtained in the same manner as in Example 1c. 
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Yield: 71 %. 

m.p.: 106-107°C (from methanol). 

1 H-NMR (CDCI 3 ) 5: 1.00 (3H, s), 1.21 (6H, d, J = 7.0 Hz), 1.49 (3H, s), 1.86 (3H, s), 2.16 (3H, s), 2.24 (3H, s), 2.85 
(1H, septet, J = 7.0 Hz), 4.08 (1H, s), 4.36 (2H, d, J = 6.0 Hz), 6.42 (1H, dt, J = 15.4, 6.0 Hz), 6.66-7.15 (5H, m), 
5 7. 20-7 AS (5H, m). 

Example 13c 

3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-5-(2-quinolylmethyloxy)-2,3-dihydroben hydrochloride 

10 

[0391] Sodium hydride (60 % liquid paraffin dispersion, 136 mg, 3.39 mmol) was added to a solution of 3-(4-isopro- 
pylphenyl)-2 ! 2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol (1.0 g, 3.08 mmol) in N,N-dimethylformamide (30 mL) 
at 0°C, and the mixture was stirred for 1 0 minutes at the same temperature. To the reaction mixture was added 2-(chlo- 
romethyl)quinoline hydrochloride (730 mg, 3.39 mmol) and the mixture was stirred for 30 minutes at 80°C. The reaction 
15 mixture was poured into water (40 mL), and extracted twice with ethyl acetate. The organic layers were combined, 
washed with water, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. To the residue 
was added 4 N HCI-ethanol, and the solvent was removed through distillation. The residue was crystallized from eth- 
anol-hexane to obtain the title compound (1.1 g, yield 71 %). 
m.p.: 136-139°C. 

20 1H-NMR (DMSO-d 6 ) 5: 0.94 (3H, s), 1 .18 (6H, d, J = 7.0 Hz), 1 .45 (3H, s), 1 .78 (3H, s), 2.11 (3H, s), 2.22 (3H, s), 2.85 
(1 H, septet, J = 7.0 Hz), 4.19 (1H, s), 4.20-4.90 (1H, br), 5.10 (1H, d, J = 15.8 Hz), 5.19 (1 H, d : J = 15.8 Hz), 6.65-7.05 
(2H, br), 7.13 (2H, d, J = 8.8 Hz), 7.72-7.85 (1H, m), 7.91-8.02 (2H, m), 8.15-8.30 (2H, m), 8.80 (1H, d, J = 8.8 Hz). 

Example 14c 

25 

5-(3,3-Diphenylpropyloxy)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran 

[0392] Using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol and 3,3-diphenylpropyl meth- 
anesulfonate, the title compound was obtained in the same manner as in Example 1 c. This was oily. 
30 Yield: 55%. 

1 H-NMR (CDCI 3 ) 6: 0.99 (3H, s), 1.21 (6H, d, J = 7.0 Hz), 1.45 (3H, s), 1.71 (3H, s), 2.08 (3H, s), 2.10 (3H, s), 2.48 
(1H, d, J - 6.6 Hz), 2.55 (1H, d, J - 6.6 Hz), 2.76-2.93 (1H, m), 3.60 (2H, t, J - 6.6 Hz), 4.07 (1H, s), 4.25 (1H, t, J = 
8.0 Hz), 6.60-7.00 (2H, br), 7.06 (2H, d, J = 7.6 Hz), 7.10-7.34 (10H, m). 

35 Example 15c 

Methyl 4-[[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-yl]oxymethyl]benzoate 

[0393] Using methyl 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol and methyl 4-(bro- 
40 momethyl)methylbenzoate : the title compound was obtained in the same manner as in Example 1 c. 
Yield: 82%. 

m.p.: 108-110°C (from methanol). 

1 H-NMR (CDCI3) 8: 1.01 (3H, s), 1.22 (6H, d, J = 7.0 Hz), 1.50 (3H, s), 1.82 (3H, s), 2.16 (3H, s), 2.22 (3H, s), 2.86 
(1 H, septet, J = 7.0 Hz), 3.92 (3H, s), 4.09 (1 H, s), 4.76 (2H, s), 6.65-7.00 (2H : br), 7.08 (2H, d, J = 8.0 Hz), 7.51 (2H, 
45 d, J = 8.0 Hz), 8.04 (2H, d, J = 8.2 Hz). 

07 (1H, s), 4.21-4.37 (4H, m), 6.63-6.98 (2H, br), 7.07 (2H, d, J = 8.0 Hz). 

Example 1 6c 

50 Methyl a-[[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2 ! 3-dihydrobenzofuran-5-yl]oxy]phenylacetate 

[0394] Using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol and methyl a-bromophenyla- 
cetate, the title compound was obtained in the same manner as in Example 1 c. This was oily. 
Yield: 82%. 

55 1 H-NMR (CDCI3) 8: 0.99 (3H, s), 1.21, 1.23 (6H, each d, J = 7.0 Hz), 1.47 (3H, s), 1.57, 1.60 (3H, each s), 2.00, 2.04 
(3H, each s), 2.09, 2.11 (3H, each s), 2.75-2.98 (1H, m), 3.70, 3.74 (3H, each s), 4.01 (1H, s), 5.07 (1H, s), 6.60-6.95 
(2H, br), 7.06 (2H, d, J = 8.0 Hz), 7.24-7.50 (5H, m). 
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Example 17c 

3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-5-(2-pyridylmethyloxy)-2^ 

5 [0395] Using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol and 2-chloromethylpyridine 
hydrochloride, the title compound was obtained in the same manner as in Example 1c. 
Yield: 17%. 

m.p.: 88-89°C (from methanol). 

1 H-NMR (CDCI 3 ) 5: 1.02 (3H, s), 1.22 (6H, d, J = 7.0 Hz), 1.51 (3H, s), 1.83 (3H, s), 2.17 (3H, s), 2.24 (3H, s), 2.86 
10 (1 H, septet, J = 7.0 Hz), 4.10 (1H, s), 4.80 (1 H, d, J = 15.8 Hz), 4.89 (1H, d, J = 15.8 Hz), 6.72-7.02 (2H ; br), 7.09 (2H, 
d, J - 8.2 Hz), 7.15-7.25 (1H, m), 7.67-7.81 (2H, m), 8.50-8.58 (1 H, m). 

Example 18c 

15 3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-5-(3-pyridylmethyloxy)-2,3-dihydrobenzofuran 

[0396] Using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol and 3-chloromethylpyridine 
hydrochloride, the title compound was obtained in the same manner as in Example 1c. This was oily. 
Yield: 76%. 

20 1H-NMR (CDCI3) 5: 1.02 (3H, s), 1.22 (6H, d, J = 7.0 Hz), 1.50 (3H, s), 1.82 (3H, s), 2.16 (3H, s), 2.22 (3H, s), 2.86 
(1 H, septet, J = 7.0 Hz), 4.09 (1 H, s), 4.73 (2H, s), 6.63-7.02 (2H, br), 7.09 (2H, d. J = 8.2 Hz), 7.24 (1 H, dd, J = 7.8, 
5.0 Hz) : 7.78 (1 H, d, J = 7.6 Hz), 8.56 (1 H, d, J = 4.0 Hz), 8.60-8.71 (1 H, br). 

Example 1 9c 

25 

3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-5-(4-pyridylmethyloxy)-2,3-dihydrobenzofuran 

[0397] Using 3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol and 4-chloromethylpyridine 
hydrochloride, the title compound was obtained in the same manner as in Example 1c. This was oily. 
30 Yield: 52%. 

1 H-NMR (CDCI3) 5: 1 .02 (3H, s), 1 .22 (6H, d, J = 7.0 Hz), 1 .50 (3H, s), 1 .82 (3H, s), 2.16 (3H, s), 2.21 (3H, s), 2.78-2.93 
(1 H, m), 4.08 (1 H, s), 4.73 (2H, s), 6.62-7.01 (2H, br), 7.09 (2H, d, J - 8.4 Hz), 7.38 (2H, d, J - 5.8 Hz), 8.60 (2H, d, J 
= 5.8 Hz). 

35 Example 20c 

3-(4-lsopropylphenyl)-5-(2,4-dinitrophenyloxy)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran 

[0398] Sodium hydride (60 % liquid paraffin dispersion, 270 mg, 6.75 mmol) was added to a solution of 3-(4-isopro- 
40 pylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol (2.0 g, 6.16 mmol) in N,N-dimethylformamide (30 ml_) 
at 0°C, and the mixture was stirred for 20 minutes at the same temperature. To the reaction mixture was added 1-chloro- 
2,4-dinitrobenzene (1 .37 g, 6.78 mmol) and the mixture was stirred for 20 minutes at room temperature. The reaction 
mixture was poured into water (50 ml_), and extracted twice with ethyl acetate. The organic layers were combined, 
washed with water, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue 
45 was crystallized from ethyl acetate-hexane to obtain the title compound (1 .5 g, yield 50 %). 
m.p.: 137-139°C. 

1 H-NMR (CDCI3) 5: 1.04 (3H, s), 1.22 (6H, d, J = 7.0 Hz), 1.57 (3H, s), 1.66 (3H, s), 2.03 (3H, s), 2.19 (3H, s), 2.86 
(1 H, septet, J = 7.0 Hz), 4.1 3 (1 H , s), 6.62-6.95 (3H, m), 7.1 1 (2H, d, J = 8.0 Hz), 8.26 (1 H, dd, J = 9.2, 2.6 Hz), 8.75-8.86 
(1H, m). 

50 

Example 21c 

5-(2,4-Bisacetylaminophenyloxy)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran 

55 [0399] 3-(4-lsopropylphenyl)-5-(2,4-dinitrophenyloxy)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran (800 mg, 1.63 
mmol) and 10 % palladium-carbon (hydrate) (80 mg) were dispersed in ethanol (40 mL), and the mixture was stirred 
under a hydrogen atmosphere at 60°Cfor 4 hours. The reaction mixture, from which was removed the catalyst through 
filtration, was concentrated under reduced pressure to obtain 5-(2,4-diaminophenoxy)-3-(4-isopropylphenyl)- 



80 



EP 1 323 716 A1 



2,2,4 ! 6,7-pentamethyl-2,3-dihydrobenzofuran (71 0 mg). Acetyl chloride (0.26 ml_, 3.63 mmol) was added to a solution 
of the thus-obtained compound (71 0 mg, 1 .65 mmol) and triethylamine (290 mg, 1 .70 mmol) in chloroform (30 mL) at 
0°C, and the mixture was stirred for 1 hour at the same temperature. The reaction mixture was poured into water (30 
mL), and extracted twice with ethyl acetate. The organic layers were combined, washed with an aqueous saturated 
5 sodium hydrogencarbonate, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The 
residue was subjected to silica gel column chromatography (hexane/ethyl acetate = 1/5) to obtain the title compound 
(640 mg, yield 76 %). This was amorphous. 

1 H-NMR (CDCI 3 ) 5: 1.04 (3H, s), 1.22 (6H, d, J = 6.8 Hz), 1.52 (3H, s), 1.64 (3H, s), 2.00 (3H, s), 2.12 (3H, s), 2.18 
(3H, s), 2.23 (3H, s), 2.86 (1 H, septet, J = 6.8 Hz), 4.11 (1H, s) : 6.30 (1H, d ; J = 9.2 Hz), 6.60-7.03 (2H, br), 7.05 (2H, 
10 d, J = 8.4 Hz), 7.54 (1H, dd, J = 9.2, 2.6 Hz), 7.69 (1H ; br s), 8.02 (1H, s), 8.21 (1 H, d, J = 2.6 Hz). 

Example 22c 

a- [3-(4-isopropylphenyl)-2 ; 2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-yloxy]phenylacetic acid 

15 

[0400] An aqueous solution of 2 N sodium hydroxide (2.5 mL) was added dropwiseto a solution of methyl a-[3-(4-iso- 
propylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-yloxy]phenylacetate (1 .20 g, 2.54 mmol) in a mixture of 
tetrahydrofuran (24 mL) and methanol (6 mL), and the mixture was stirred for 30 minutes at room temperature. The 
reaction mixture was concentrated under reduced pressure, to which was added 2 N hydrochloric acid. Then, this was 
20 extracted twice with ethyl acetate. The organic layers were washed with water, dried over magnesium sulfate, filtered, 
and concentrated under reduced pressure. The resulting residue was recrystallized from hexane to obtain the title 
compound (0.31 g, yield 27 %), which was a mixture of diastereomers (ratio: 8/1). 
m.p.: 163-166°C. 

1 H-NMR (CDCI3) 5: 0.98 (3H, s), 1.12-1.25 (6H, m), 1.41-1.56 (6H, m), 1.92-2.10 (6H, m), 2.87 (1H, septet, J = 6.6 
25 Hz), 3.99 (1H, s), 5.08-5.10 (1H, m), 5.20-6.00 (1H, br), 6.60-7.17 (4H, m), 7.20-7.39 (5H, m). 

Example 23c 

a-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-yloxy]phenylacetic acid 

30 

[0401] The filtrate obtained in Example 22c was concentrated under reduced pressure to obtain the title compound 
(0.50 g, yield 43 %), which was amorphous and was a mixture of diastereomers (ratio: 1/3). 

1 H-NMR (CDCI3) 6: 0.98 (3H, s), 1.16-1.26 (6H, m), 1.39-1.56 (6H, m), 1.91- 2.10 (6H, m), 2.84 (1H, septet, J = 6.8 
Hz), 4.00 (1H, m), 5.07-5.10 (1H, s), 5.40-6.30 (1H, br), 6.50-7.14 (4H, m), 7.20-7.40 (5H, m). 

35 

Example 24c 

3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-5-(3-phenyl-1 -propyl)oxy-2,3-dihydrobenzofuran 

40 [0402] 3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-5-(3-phenyl-2-propen-1 -yl)oxy-2,3-dihydrobenzofuran (800 mg, 
1.82 mmol) and 10 % palladium-carbon (hydrate) (80 mg) were suspended in ethanol (20 mL), and the mixture was 
stirred for 3 hours under a hydrogen atmosphere at room temperature. The catalyst was removed through filtration, 
and the filtrate was concentrated under reduced pressure. The residue was crystallized from methanol to obtain the 
title compound (61 0 mg, yield 76 %). 

45 m.p.: 78-80°C. 

1 H-NMR (CDCI 3 )5: 0.99 (3H, s), 1.22 (6H, d, J = 6.8 Hz), 1.48 (3H, s), 1.81 (3H, s), 2.02-2.22 (8H, m), 2.76-2.91 (3H, 
m), 3.68 (2H, t, J = 6.4 Hz), 4.07 (1H, s), 6.70-6.92 (2H, br), 7.07 (2H, d, J = 8.8 Hz), 7.15-7.32 (5H, m). 

Example 25c 

50 

3-(4-lsopropylphenyl)-2,2,4,6,7-pentamethyl-5-(2-phenylethyl)oxy-2,3-dihydrobenzofuran 

[0403] A solution of 3-(4-isopropylphenyl)-2,2.4,6,7-pentamethyl-2,3-dihydrobenzofuran-5-ol (1.0 g, 3.08 mmol), 
2-phenylethanol (414 mg, 3.39 mmol), triphenylphosphine (890 mg, 3.39 mmol) and diethyl azodicarboxylate (590 mg, 
55 3.39 mmol) in tetrahydrofuran (20 mL) was stirred for 30 minutes at room temperature. The reaction mixture was 
concentrated under reduced pressure, and the residue was subjected to silica gel column chromatography (hexane/ 
ethyl acetate = 100/1) to obtain the title compound (150 mg, yield 11 %). 
m.p.: 72-74°C (from methanol). 
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1 H-NMR (CDCI 3 ) 5: 0.98 (3H, s), 1.21 (6H, d, J = 7.0 Hz), 1.46 (3H, s), 1.72 (3H, s), 2.10 (3H, s), 2.12 (3H, s), 2.83 
(1H, septet, J = 7.0 Hz), 3.05 (2H, t, J = 7.0 Hz), 3.85 (2H, t, J = 7.0 Hz), 4.03 (1H, s), 6.65-7.00 (2H, br), 7.06 (2H, d, 
J = 8.0 Hz), 7.15-7.50 (5H, m). 

5 Example 26c 

3-(4-lsopropylphenyl)-2,4,6,7-tetramethylbenzofuran-5-yl 4-methoxybenzoate 

[0404] Triethylamine (0.45 ml_, 3.21 mmol) was added to a solution of 3-(4-isopropylphenyl)-2,4,6,7-tetramethylben- 
10 zofuran-5-ol (0.90 g, 2.92 mmol) and 4-methoxybenzoyl chloride (0.55 g, 3,21 mmol) in chloroform (15 ml_) at room 
temperature, and the mixture was stirred for 3 hours at 60°C. Water (30 ml_) was poured into the reaction mixture, 
which was then extracted twice with ethyl acetate. The organic layers were combined, washed with 1 N hydrochloric 
acid and saturated sodium hydrogencarbonate, dried over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The residue was crystallized from ethanol to obtain the title compound (0.52 g, yield 79 %). 
15 m.p.: 113-115°C. 

1 H-NMR (CDCI3) 5: 1.28 (6H, d, J - 6.8 Hz), 1.90 (3H, s), 2.18 (3H, s), 2.33 (3H, s), 2.46 (3H, s), 2.95 (1H, septet, J 
= 6.8 Hz), 3.89 (3H, s), 6.99 (2H, d, J = 9.0 Hz), 7.25 (4H, s), 8.20 (2H, d, J = 8.8 Hz). 

Example 27c 

20 

3-(4-lsopropylphenyl)-5-(4-methoxybenzyloxy)-2,4,6,7-tetramethylbenzofuran 

[0405] Using 3-(4-isopropylphenyl)-2,4,6,7-tetramethylbenzofuran-5-ol and 4-methoxybenzyl chloride, the title com- 
pound was obtained in the same manner as in Example 1 . This was oily. 
25 Yield: 64%. 

1 H-NMR (CDCI3) 5: 1.31 (6H, d, J = 6.8 Hz), 2.06 (3H, s), 2.31 (3H, s), 2.34 (3H, s), 2.43 (3H, s), 2.97 (1H, septet, J 
= 6.8 Hz), 3.82 (3H, s), 4.66 (2H, s), 6.91 (2H, d, J = 8.8 Hz), 7.26 (4H, s), 7.40 (2H, d, J = 8.8 Hz). 

Example 28c 

30 

2,4,6,7-Tetramethyl-3-phenylbenzofuran-5-yl 4-methoxybenzoate 

[0406] Using 2,4, 6,7-tetramethyl-3-phenylbenzofuran-5-ol and 4-methoxybenzoyl chloride, the title compound was 
obtained in the same manner as in Example 26c. 
35 Yield 64%. 

m.p.: 152-154°C (from methanol). 

1 H-NMR (CDCI3) 5: 1 .88 (3H, s), 2.18 (3H, s), 2.32 (3H, s), 2.46 (3H, s), 3.89 (3H, s), 6.99 (2H, d, J = 9.2 Hz), 7.29-7.43 
(5H, m), 8.20 (2H, d, J = 9.2 Hz). 

40 Examples 29c 

3-(4-lsopropylphenyl)-6-(4-methoxybenzyloxy)-2,2-dimethyl-2,3-dihydrobenzofuran 

[0407] Sodium hydride (60 % liquid paraffin dispersion, 179.0 mg, 4.48 mmol) was added to a solution of 3-(4-iso- 
45 propylphenyl)-2,2-dimethyl-2,3-dihydrobenzofuran-6-ol (1.12 g, 4.00 mmol) in N,N-dimethylformamide (15 mL) at0°C, 
and the mixture was stirred for 30 m inutes at the same temperature. To the reaction mixture was added 4-methoxybenzyl 
chloride (636.8 mg, 4.07 mmol) and the mixture was stirred for further 30 minutes at room temperature. The reaction 
mixture was poured into water, and extracted twice with ethyl acetate. The extracts were combined, washed with an 
aqueous saturated sodium chloride, dried over magnesium sulfate, and concentrated under reduced pressure. The 
50 residue was subjected to silica gel column chromatography (hexane/ethyl acetate = 5/1 ) to obtain the title compound 
(1.19 g, yield 74%). 
m.p.: 86-88°C (from hexane). 

1 H-NMR(CDCI 3 ) 5: 0.95 (3H, s), 1 .24 (6H, d, J - 7.0 Hz), 1 .58 (3H, s), 2.89 (1 H, septet, J - 7.0 Hz), 3.82 (3H, s), 4.27 
(1H, s), 4.96 (2H, s), 6.47-6.52 (2H, m), 6.90-6.95 (3H, m), 7.02 (2H, d, J = 8.1 Hz), 7.16 (2H, d, J = 8.1 Hz), 7.37 (2H, 
55 d, J = 8.8 Hz). 
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Example 30c 

1'-Benzyl-3-(4-isopropylphenyl)-5-(4-methoxybenzyloxy)-4,6,7-trim 

5 [0408] Sodium hydride (60 % liquid paraffin dispersion, 81 .4 mg, 1 .81 mmol) was added to a solution of 1'-benzyl- 
3-(4-isopropylphenyl)-4,6.7-trimethylspiro[benzofuran-2 (3H),4'-piperidine]-5-ol (824.0 mg, 1.81 mmol) in N,N-dimeth- 
ylformamide (15 ml_) at 0°C, and the mixture was stirred for 30 minutes at the same temperature. To the reaction 
mixture was added 4-methoxybenzyl chloride (31 9.9 mg, 2.04 mmol) and the mixture was stirred for further 30 minutes 
at room temperature. The reaction mixture was poured into water, and extracted twice with ethyl acetate. The extracts 

10 were combined, washed with an aqueous saturated sodium chloride, dried over magnesium sulfate, and concentrated 
under reduced pressure. The residue was subjected to silica gel column chromatography (hexane/ethyl acetate = 3/1 ) 
to obtain the title compound (539 mg, yield 52 %). This was amorphous. 

1 H-NMR(CDCI 3 ) 5: 1 .20 (6H, d, J = 6.8 Hz), 1 .27-1 .39 (2H, m), 1 .81 (3H, s), 1 .86-1 .96 (2H, m), 2.1 9 (3H, s), 2.23 (3H, 
s), 2.35-2.87 (5H, m), 3.52 (2H, s), 3.80 (3H, s), 4.04 (1 H, s), 4.62 (2H, s), 6.6-6.9 (4H, m), 7.04-7.08 (2H, m), 7.22-7.36 
15 (7H, m). 

Example 31c 

1 , -Benzyl-5-(4-methoxybenzyloxy)-4 : 6,7-trimethylspiro[benzofuran-2(3H),4'-piperidine] 

20 

[0409] Sodium hydride (60 % liquid paraffin dispersion, 134.6 mg, 3.37 mmol) was added to a solution of 1 '-benzyl- 
4,6,7-trimethylspiro[benzofuran-2(3H),4'-piperidine]-5-ol (1.01 g, 2.98 mmol) in N,N-dimethylformamide (15 ml_) at 
0°C, and the mixture was stirred for 30 minutes at the same temperature. To the reaction mixture was added 4-meth- 
oxybenzyl chloride (584.9 mg, 3.43 mmol) and the mixture was stirred for further 30 minutes at room temperature. The 
25 reaction mixture was poured into water, and extracted twice with ethyl acetate. The extracts were combined, washed 
with an aqueous saturated sodium chloride, dried over magnesium sulfate, and concentrated under reduced pressure. 
The residue was subjected to silica gel column chromatography (hexane/ethyl acetate = 2/1) to obtain the title com- 
pound (1 .15 g, yield 85 %). 
m.p.: 85-86°C (from hexane). 

30 1H-NMR(CDCI 3 ) 5: 1 .80-2.00 (4H, m), 2.10 (3H, 5), 2.15 (3H, s), 2.18 (3H, s), 2.60 (4H, br), 2.87 (2H, s), 3.58 (2H, s), 
3.83 (3H ; s), 4.62 (2H, s), 6.90-6.95 (2H, m), 7.30-7.43 (7H, m). 

Example 32c 

35 3-(4-lsopropylphenyl)-5-(4-methoxybenzyloxy)-1 ',4,6,7-tetramethylspiro[benzofuran-2(3H),4'-piperidine] 

[0410] Sodium hydride (60 % liquid paraffin dispersion, 64.3 mmol, 1 .61 mmol) was added to a solution of 3-(4-iso- 
propylphenyl)-1 , ,4,6,7-tetramethylspiro[benzofuran-2(3H),4'-piperidine]-5-ol (509.0 mg, 1.34 mmol) in N,N-dimethyl- 
formamide (25 ml_) at 0°C, and the mixture was stirred for 30 minutes at the same temperature. To the reaction mixture 

40 was added 4-methoxybenzyl chloride (244.0 mg, 1 .56 mmol) and the mixture was stirred forfurther 30 minutes at room 
temperature. The reaction mixture was poured into water, and extracted twice with ethyl acetate. The extracts were 
combined, washed with an aqueous saturated sodium chloride, dried over magnesium sulfate, and concentrated under 
reduced pressure. The residue was subjected to column chromatography (Chromatorex NH DM1020, Fuji Silysia 
Chemical LTD) (hexane/ethyl acetate = 1/1) to obtain the title compound (262 mg, yield 39 %). This was amorphous. 

45 1H-NMR(CDCI 3 ) 5: 1.21 (6H, d, J = 7.0 Hz), 1.3-1 .4 (2H, m), 1.82 (3H, s), 1.99-2.04 (2H, m) : 2.19 (3H, s), 2.23 (3H, 
s), 2.30 (3H, s), 2.37-2.70 (4H, m), 2.82 (1H, septet, J = 7.0 Hz), 3.81 (3H, s), 4.05 (1H, s), 4.62 (2H, s), 6.6-6.9 (4H, 
m), 7.05-7.09 (2H, m), 7.33-7.37 (2H, m). 

Example 33c 

50 

3-(4-lsopropylphenyl)-1 l ,4,6,7-tetramethyl-5-(4-pyridylmethyloxy)spiro[benzofuran-2(3H),4'-piperidine] 

[0411] Sodium hydride (60 % liquid paraffin dispersion, 187.3 mg, 4.98 mmol) was added to a solution of 3-(4-iso- 
propylphenyl)-1 ',4,6,7-tetramethylspiro[benzofuran-2(3H),4'-piperidine]-5-ol (817.7 mg, 2.15 mmol) in N,N-dimethyl- 
55 formamide (30 ml_) at 0°C, and the mixture was stirred for 30 minutes at the same temperature. To the reaction mixture 
was added 4-chloromethylpyridine hydrochloride (364.5 mg, 2.22 mmol) and the mixture was stirred for further 30 
minutes at room temperature. The reaction mixture was poured into water, and extracted twice with ethyl acetate. The 
extracts were combined, washed with an aqueous saturated sodium chloride, dried over magnesium sulfate, and con- 
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centrated under reduced pressure. The residue was subjected to column chromatography (Chromatorex NH DM1 020, 
Fuji Silysia Chemical LTD) (hexane/ethyl acetate = 4/1) to obtain the title compound (575 mg, yield 57 %). 
m.p.: 96-98°C (from hexane). 

1 H-NMR(CDCI 3 ) 5: 1 .21 (6H, d, J = 7.0 Hz),1 .34-1 .41 (2H, m), 1.82 (3H, s), 1.92-2.11 (2H, m), 2.19 (3H, s), 2.21 (3H, 
s), 2.30 (3H, s), 2.37-2.65 (4H, m), 2.85 (1H, septet, J = 7.0 Hz), 4.05 (1H, s), 4.72 (2H, s), 6.6-7.1 (4H, m), 7.36-7.39 
(2H, m), 8.58-8.61 (2H, m). 

[0412] The chemical structures of the compounds obtained in the above described Examples are shown below. 



Table 8 



g 



example 

number a b c d e f g ^ 
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Me 
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Me 


Me 
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MeS-^-Ct^O— 


Me 


Me 




10c 


Me 


life 


5-o- 


Me 


O 


Me 


Me 




lie 


Me 


Me 
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Table 9 
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e. 
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9 



example 
number 
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Table 10 



10 



example 
number 




306 Mco^Q-ch^- Me Me QT" 

31c H Me MeO-Q-CHaO— Me Me Qf^ 

32C JJV^^- Me MeO-Q-CHaO— Me Me Me 

33c )£>" - 0~ * V^ - *** 0- Me Me Me 



30 

Formulation Example 1c 
[0413] 



(1) Compound obtained in Example 4c 


50 


mg 


(2) Lactose 


34 


mg 


(3) Corn starch 


10.6 


mg 


(4) Corn starch (paste) 


5 


mg 


(5) Magnesium stearate 


0.4 


mg 


(6) Calcium carboxymethyl cellulose 


20 


mg 


Total 


120 


mg 



[041 4] According to a conventional method, tablets were prepared by mixing the above-described substances (1 ) to 
45 (6), and then subjecting the resulting mixture to a tablet compression process by using a tablet compression machine. 

Experimental Example 1 

[0415] Dopamine neuron regeneration promoting effect after MPP+ human induced neurodegeneration in rat fetal 
50 mesencephalic dopamine neuron culture immobilized on rat neonatal gliacyte 

Experimental Methods 

[0416] A rat neonatal gliacyte was prepared from a cerebrum of a 1 to 2 days old SD rat. Fourteen days after DIV ; 
55 said cell was subcultured and inoculated onto a 96-well culture plate coated with poly-L-lysine. A rat fetal dopamine 
nerve was prepared from a mesencephalon of a 14 days old SD rat fetus, and inoculated onto the gliacyte described 
above. 2 Days after initiation of the incubation, 3mM MMP+ was added and incubated for 24 hours whereby destroying 
the dopamine nerve. After 24 hours, the culture medium was replaced with a medium containing a compound of the 
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present invention, and then the incubation was further continued for 4 days. After completion of the incubation followed 
by fixation with p-formaldehyde, the dopamine nerve was stained with an anti-tyrosine hydroxylase antibody and the 
tyrosine hydroxylase positive dopamine neurons were counted. The results are shown in Figure 1 . 
[0417] As appeared from Figure 1 , an agent for promoting the proliferation or differentiation of a stem cell or neural 
5 progenitor cell comprising a Compound (I) of the present invention can promote the differentiation of a neural stem cell. 

Experimental Example 2 

[0418] Neural neogenesis promoting effect in rat mixture glia culture 

10 

a) Experimental Materials 

[0419] A neonatal SD rat was purchased from Charles River Japan, Inc. A nylon cell strainer with 40 micron in 
diameter was purchased from Becton Dickinson. DMEM/F12 Medium, antibiotics, N2 additives were purchased from 
15 LIFE TECHNOLOGY. Anti-(3 lll-tubulin antibody was purchased from Sigma. DAKO EnVision+/HRP kitwas purchased 
from DAKO Japan. Other reagents were commercial products of analytical grade. 

b) Experimental Methods 

20 1 . A rat glia mixed culture 

[0420] A rat mixed glia culture was made from a hippocampus of a neonatal SD rat of 2 days old. The neonate was 
anesthetized by ice-cooling, sacrificed by decapitation and the brain was taken out immediately. The meninx was 
removed carefully, and the cerebral cortex was separated. The hippocampus was pulverized mechanically by passing 
25 through a nylon cell strainer with 40 micron in diameter. The cell dispersion was overlaid on serum, and the cells were 
fractionated by a non-continuous gradient centrifugation. The pellet was washed twice with a growth medium (DM EM/ 
F12 supplemented with 10% FBS and antibiotics) and then dispersed. The mixed glia culture was inoculated onto a 
collagen-coated 96-well multiplate at the density of 1 x 1 0 5 cells per well, and incubated for 5 days. 

30 2. Differentiation assay 

[0421] After incubating for 5 days, the mixed glia culture was subjected to a differentiation assay. The growth medium 
was replaced with a serum-free medium (DMEM/F12 supplemented with N2 additives and antibiotics) and the test 
compound was added simultaneously. After allowing to undergo the differentiation for 5 days followed by fixation with 
35 4% p-formaldehyde, a mouse anti-p III tubulin monoclonal antibody and DAKO EnVision+/HRP kit was used to effect 
an immunostaining. 

[0422] The p III tubulin positive cells were counted, and the data in the presence (1 u.M) of the Compound (I) and 
the absence (control) were compared. The % activity of each Compound (I) based on the non-treatment control activity 
is indicated in the table shown below. 

40 



Table 11 


Example compound 


Differentiation or neogenesis 




promoting activity (%) 


11a 


478 


17a 


344 


19b 


468 



[0423] Based on the results described above, an agent for promoting the proliferation or differentiation of a stem cell 
or neural progenitor cell comprising a Compound (I) of the present invention or a salt or prodrug thereof has an ability 
to promote the differentiation to or the neogenesis of a (3 III tubulin-positive neural progenitor cell. 

Industrial Applicability 

[0424] An agent for promoting the proliferation or differentiation of a stem cell or neural progenitor cell comprising a 
Compound (I) of the present invention or a salt or prodrug thereof has excellent promoting effects on the proliferation 
or differentiation of an intrinsic neural stem cell and the engraftment or differentiation in neural stem cell or neurocyte 
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transplantation, and thus is useful in preventing or treating a central nervous system disease such as a neurodegen- 
erative disease. 



Claims 



1. An agent for promoting the proliferation or differentiation of a stem cell and/or neural progenitor cell comprising a 
compound represented by Formula: 




wherein R 1 and R 2 are same or different and each is a hydrogen atom, an optionally substituted hydrocarbon group 
or an optionally substituted heterocyclic group or R 1 and R 2 may be taken together with the adjacent carbon atom 
to form an optionally substituted 3- to 8-membered homocyclic or heterocyclic ring, 

R 3 is a hydrogen atom, an optionally substituted hydrocarbon group or an optionally substituted heterocyclic group, 
— is a single bond or a double bond, 
W is (i) a group represented by Formula: 




B 



(Wa) 



wherein Ring A is an optionally substituted benzene ring, Ring B is an optionally substituted 5- to 7-membered 
nitrogen-containing heterocyclic ring, 
(ii) a group represented by Formula: 



\ 



N 



(Wb) 



wherein R 4 is (1) an aliphatic hydrocarbon group which is substituted by an optionally substituted aromatic group 
and which may have a further substituent or (2) an optionally substituted aromatic ring-containing acyl group, R 5 
is a hydrogen atom, a C,_ 6 alkyl or an acyl group, or, 
(iii) a group represented by Formula: 




wherein R 4c is an optionally substituted aromatic group, an optionally substituted aliphatic hydrocarbon group or 

an acyl group, X is an oxygen atom or an optionally oxidized sulfur atom, 

Y is an oxygen atom, an optionally oxidized sulfur atom or an optionally substituted imino, 

Ring C is a benzene ring which may have a further substituent in addition to the group represented by W, or a salt 
or prodrug thereof. 

2. The agent according to Claim 1 wherein the stem cell is an embryonic stem cell or a neural stem cell. 
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3. The agent according to Claim 1 which is an agent for promoting the engraftment or differentiation in neural stem 
cell, neural progenitor cell and/or neurocyte transplantation. 

4. The agent according to Claim 1 which is an agent for promoting the proliferation or differentiation of a neural stem 
5 cell, neural progenitor cell and/or neurocyte for transplantation. 

5. The agent according to Claim 1 which is an agent for promoting the proliferation or differentiation of an intrinsic 
neural stem cell. 

10 6. The agent according to Claim 1 which is an agent for preventing or treating a central nervous system disease. 

7. The agent according to Claim 1 which is a nerve regeneration-promoting agent. 

8. The agent according to Claim 1 which is a nerve neogenesis-promoting agent. 

15 

9. The agent according to Claim 1 wherein «- is a single bond. 

10. The agent according to Claim 1 wherein Y is an oxygen atom. 

20 11. The agent according to Claim 1 wherein W is a group represented by Formula (Wa). 

12. The agent according to Claim 11 wherein each of R 1 and R 2 is a hydrogen atom or a C A _ 6 alkyl group, R 3 is a 
hydrogen atom or a phenyl group which may have 1 to 3 substituents selected from C|_ 6 alkyl and halogen, the 
Ring C is a benzene ring which may further have 1 to 3 substituents selected from C,_ 6 alkyl and C-|_g alkoxy, ™ 
25 is a single bond, Y is an oxygen atom, the group represented by Formula (Wa) is a group represented by Formula: 



30 




wherein Ring A 1 is a benzene ring which may have 1 to 3 substituents selected from halogen, C^.q alkoxy and 
C-i-6 alkylenedioxy. 

35 13. The agent according to Claim 1 2 wherein the group represented by Formula (Wa) is a substituent on the 5-position 
of the benzofuran ring. 

14. The agent according to Claim 11 comprising [1] 2-[2 : 2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -ben- 
zofuran-5-yl]isoindoline, [2] 5,6-dimethoxy-2-[2,2,4 ! 6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzo- 

40 furan-5-yl]isoindoline ; [3] 5,6-dimethoxy-2-[3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzo- 

furan-5-yl]isoindoline. [4] 5,6-dimethoxy-2-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran- 
5-yl]-2H-isoindole, [5] 6-[3-(4-isopropylphenyl)-2,2 ) 4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran-5-yl]-6.7-dihy- 
dro-5H-[1 ,3]dioxolo[4,5-f]isoindole, [6] 6-[2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran- 
5-yl]-6H-[1 ,3]dioxolo[4,5-f]isoindole, [7] 6-(2,2,4,6,7-pentamethyl-3-phenyl-2,3-dihydro-1 -benzofuran-5-yl)-6,7-di- 

45 hydro-5H-[1,3]dioxolo[4,5-f]isoindole, [8] (R)-5 ! 6-dimethoxy-2-[2 ! 2,4,6 ! 7-pentamethyl-3-(4-methylphenyl)-2,3-di- 

hydro-1 -benzofuran-5-yl]isoindoline or [9] (R)-5,6-dimethoxy-2-[2, 2,4,6. 7-pentamethyl-3-(4-methylphenyl)-2,3-di- 
hydro-1 -benzofuran-5-yl]isoindoline hydrochloride. 

15. The agent according to Claim 11 comprising (R)-5,6-dimethoxy-2-[2, 2,4,6, 7-pentamethyl-3-(4-methylphenyl)- 
50 2,3-dihydro-1 -benzofuran-5-yl]isoindoline. 

16. The agent according to Claim 1 wherein W is a group represented by Formula (Wb). 

17. The agent according to Claim 16 wherein each of R 1 and R 2 is a methyl group, R 3 is a phenyl group which may 
55 have 1 to 3 substituents selected from fluorine, methyl and isopropyl, the Ring C is a benzene ring which may 

further have 1 to 3 substituents selected from C^. G alkyl and C-,. 6 alkoxy, Y is an oxygen atom, R 4 is a benzyl or 
phenethyl group which may have 1 to 3 substituents selected from fluorine, methoxy and methylenedioxy and R 5 
is a hydrogen atom or a methyl group. 



89 



EP 1 323 716 A1 



18. The agent according to Claim 16 comprising (1) N-(4-fluorobenzyl)-2, 2,4,6, 7-pentamethyl-3-phenyl-2,3-dihydro- 
1 -benzofuran-5-amine, (2) N-benzyl-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran- 
5-amine, (3) 3-(4-isopropylphenyl)-N-(4-methoxybenzyl)-N ! 2,2,4,6 ) 7-hexamethyl-2 ! 3-dihydro-1 -benzofuran- 
5-amine, (4) 3-(4-isopropylphenyl)-N-[2-(4-methoxyphenyl)ethyl]-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzo- 

5 furan-5-amine. (5) N-(4-fluorobenzyl)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzofuran- 

5-amine, (6) N-(1 ,3-benzodioxol-5-ylmethyl)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl-2,3-dihydro-1 -benzo- 
furan-5-amine ; (7) N-(4-fluorobenzyl)-3-(4-fluorophenyl)-2,2,4,6,7-pentamethyl-2 ! 3-dihydro-1 -benzofuran- 
5-amine, (8) N-(4-methoxybenzyl)-2,2,4,6,7-pentamethyl-3-(4-methylphenyl)-2,3-dihydro-1 -benzofuran-5-amine, 
(9) N-(4-fluorobenzyl)-2,2 ; 4,6,7-pentamethyl-3-(4-methylphenyl)-2 ! 3-dihydro-1 -benzofuran-5-amine, (1 0)3-(4-iso- 

10 propylphenyl)-N-(4-methoxybenzyl)-2,4,6,7-tetramethyl-1 -benzofuran-5-amine, (1 1 ) N-(4-fluorobenzyl)-3-(4-iso- 

propylphenyl)-2,4,6,7-tetramethyl-1-benzofuran-5-amine, (12) N-(4-fluorobenzyl)-3-(4-fluorophenyl)-2,4,6,7-te- 
tramethyl-1 -benzofuran-5-amine, (1 3) N-(4-fluorobenzyl)-3-(4-isopropylphenyl)-1 ',4,6,7-tetramethylspiro[benzo- 
furan-2(3H),4'-pyperidine]-5-amine or (1 4) (R)-N-(4-fluorobenzyl)-3-(4-isopropylphenyl)-2,2,4,6,7-pentamethyl- 
2,3-dihydro-1 -benzofuran-5-amine hydrochloride. 

15 

19. The agent according to Claim 1 wherein W is a group represented by Formula (Wc). 

20. The agent according to Claim 19 comprising a compound represented by Formula: 



R 3 



25 




wherein each of R 1 and R 2 is C,_ 6 alkyl which may have a phenyl-substituted 6-membered saturated cyclic amino, 
or R 1 and R 2 are taken together with the adjacent carbon atom to form a C,_ 6 alkyl- or C 7 _ 16 aralkyl-substituted 
30 pyperidine; 

R 3 is (i) a hydrogen atom, or, 

(ii) phenyl which may have 1 to 3 substituents selected from (1) C-|_ 6 alkyl, (2) di-C-,_ 6 alkylamino and (3) 6-mem- 
bered saturated cyclic amino which may have Cj_ 6 alkyl; 

R 4c is (i) phenyl which may have 1 to 3 substituents selected from nitro and C^_ 6 alkyl-carboxamide, 
35 (jj) c.,_ 6 alkyl or C 2 . 6 alkenyl having 1 to 3 phenyl, quinolyl or pyridyl which may have 1 to 3 substituents selected 

from C,_ 6 alkoxy, C,_ 6 alkylthio, C,_ 6 alkoxy-carbonyl, C,_ 6 alkylsulfonyl and C,_ 6 alkylsulfinyl and optionally further 
having phenyl, carboxy or C-|_ 6 alkoxy-carbonyl as additional substituents. or, 

(iii) acyl represented by Formula: -(C=0)-R 5 " wherein R 5 " is C|_ 6 alkoxy-substituted phenyl; and, 
the Ring C is a benzene ring which may further have 1 to 3 C|_ 6 alkyl, or a salt or prodrug thereof. 

40 

21. The agent according to Claim 19 comprising: 3-(4-isopropylphenyl)-5-(4-methoxybenzyloxy)-2, 2,4,6, 7-pentame- 
thyl-2, 3-dihydrobenzofuran, 3-(4-methylphenyl)-2,4,6,7-tetramethylbenzofuran-5-yl 4-methoxybenzoate, 3-(4-iso- 
propylphenyl)-2,4,6,7-tetramethylbenzofuran-5-yl4-methoxybenzoate,3-(4-isopropylphenyl)-5-(4-methoxybenzy- 
loxy)-2,4,6,7-tetramethylbenzofuran, 3-(4-isopropylphenyl)-5-(4-methoxybenzyloxy)-1 ',4,6,7-tetramethylspiro 

45 [benzofuran-2(3H),4'-piperidine] or a salt thereof. 

22. A method for culturing a stem cell, neural progenitor cell and/or neurocyte, comprising culturing the stem cell, 
neural progenitor cell and/or neurocyte in the presence of a compound according to Claim 1 or a salt thereof. 

50 23. The method according to Claim 22 wherein the stem cell is an embryonic stem cell or a neural stem cell. 

24. The method according to Claim 22 whereby a cell for transplantation therapy is prepared. 

25. A cell obtained by the method according to Claim 22. 

55 

26. An agent for promoting proliferation or differentiation used in the culture of a stem cell, neural progenitor cell and/ 
or neurocyte for transplantation, comprising a compound according to Claim 1 or a salt thereof. 
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27. The agent according to Claim 1 which is an agent for treating a cognitive impairment or a memory impairment. 

28. The agent according to Claim 1 which is an agent for treating a mild cognitive impairment or a mild memory im- 
pairment. 

29. A use of a compound according to Claim 1 or a salt or prodrug thereof in the production of an agent for promoting 
the engraftment or differentiation in neural stem cell and/or neurocyte transplantation. 

30. A use of a compound according to Claim 1 or a salt or prodrug thereof in the production of an agent for promoting 
the proliferation or differentiation of a neural stem cell and/or neurocyte for transplantation. 

31 . A use of a compound according to Claim 1 or a salt or prodrug thereof in the production of an agent for preventing 
or treating a central nervous system disease. 

32. A method for transplantation therapy of a stem cell, neural progenitor cell and/or neurocyte, comprising adminis- 
tering a compound according to Claim 1 or a salt or prodrug thereof. 

33. A method for preventing or treating a central nervous system disease in a mammal, comprising administering a 
compound according to Claim 1 or a salt or prodrug thereof to the mammal in need of such a treatment. 
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Figure 1 
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